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This is a continuation-in-part of U0S0S0H. 
g22,585„ filed October 24, 1§S§ 0 

5 fip p»OHIJSDCUHI3gg 

This invention was aado wifea gevoenaent 
support under a grant frea the Rational Xnotitutss of 

Health (Grant Ho. GM 26444) • 

»TPT.f> TO R TMVBMTXQH 

10 Tne p E Q8enfe invention relatoo to noraone 

receptor proteine and gone* encoding thea, modification 
of such receptors and genes by recombinant DMA and 
other genetic engineering technique*, plus uses of such 
receptors and genes, both unmodified and aodified. More 

15 particularly, the invention eoneesns stesoid and 

thyroid horaon* receptors and aasoeiated genes. Host 
particularly, it concerns huaan glucocorticoid, 
aineralocorticoid and thyroid horaone receptors and 
genes for them. In addition the invention relates to a 

20 novel bioassay systea for determining the functionality 
of horaone receptor proteins coded for by receptor 
clones, plus novel aethods for inducing and controlling 
expression of genes «hose transcription is activated by 
hormones completed with receptor proteins. 

25 mrmnnnNn ™ *** mvmzim 

Transcriptional regulation of development and 
homeostasis in coaples eulcaryotes, including huaans and 
other aaamals, birds, and fish, is controlled by a aide 
variety of regulatory substances, including steroid and 

30 thyroid horaones. Theso hormones esert potent effects 
on development and differentiation in phylogenetically 
diverse organisms and their actions are mediated as a 
consequence of their interactions «itb spocific, hi ah 
affinity binding proteins referred to as receptors. ^ 

35 generally, Jensen, et al., (1972); Gorski, et al., 
(1976); Yamaaoto, et al., (1»7«) , O'Kalley, et al., 
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(1969)? Haywazd, of al., (1982)? and Aaburner, at al., 
(1978) o 

Raeapfeos psetoias, oocfe GspocialXy opoeific 
for one of the several classes eg eegaafco sfcoreid 
5 - hosaoaes (i.®., aaferogons (estrogen receptee) # 

■ progestogens (progeotorono receptor) . glaeoeorticoido 
(glucocorticoid receptor), aadrogeas (aadregoa 
rocaptos) , aldosterone® (aineraleeor feicoid receptor) or 
for cognate thyroia hormones (thyreifi hesaon© 
10 receptor) , are fcnown and distributed in a tissue 
specific fashion. Js& Horwita, et al., (1978) and 
Paaiter, et al.r (1976). 

Turning now to the interaction of hormones and 
receptors, it is known that a steroid es thyroid 
15 hormone enters cells by facilitated diffusion and binds 
to its specific receptor protein, initialing aa 
alosteric alteration of the protein.. As a result of 
this alteration, the hormone/receptor eoaples is 
capable of binding to certain specific sites on 
20 chromatin with high affinity. See. Yamaaoto, et al., 
(1972) and Jensen, ot al., (1968). 

It is also known that many of the primary, 
effects of steroid and thyroid hormones involve 
increased transcription of a subset of genes in 
25 specific cell types. B&& Peterkof sky, et al., (1968) 
and HcKnight, et al., (1968). Moreover, there is 
evidence that activation of transcription (and, 
consequently, increased expression) of genes which are 
responsive to steroid and thyroid hormones (through 
30 interaction of chromatin with hormone receptor/hormone 
complex) is effected through binding of the complea to 
enhancers associated with the genes. Khoury, et 

al., 1983.) 

In any case, a number of steroid horaone and 
35 thyroid hormone reBponsive transcriptional control 
units, some pf which have been shown to include 
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4 A^>\4iQ&» These include the 

aBdE ., 3B homones, *b° translation MUA -tt» 
5 ,„ hmUu wont* X.t«o»o aenas, lessonoiw » 

LcoC.rtic.ldO, MtMtM. »* r^L^ 

"an.cripti.ael "ntr.l t« ***** 

and prog°«et.ne receptor « 8 " 0S ' ""P 00 ' 1 ' 0 " 
!."",.».,«.! tranacrlpti.nal control If for «1» 

aetell.thi.nein ,ene tr.n.cription.1 cent ol « ■ 
' tesp .naive to glucocorticoid,,, ana W«« 
t lpha 2tt -,lob 0 lin ,«n. t,.».criptlon.l control unit*, 
"oaponalvo to and,.,".. ..uofW. thyroid »or«ones 

tll-^ 1 ° £ ".iB S P a=i«c a tion for 

IIf «.n«..) ^ m !usttiK ^^^u, and 

20 i.c.ptors haa be.n th> l»ck of availability OS th. 

t ec.pt.r prot.ina, in .»«ici^ » fl y 

sufficiently pat. form, to allo» U»» 

d»cact«l»d. The ease la "u. for th. DBA gen. 

1 „t vhich eneod. the.. Lac* of ° ^ 

« has. DNA aegaenta ha. printed i, ^ on 

and la 21isfl expre.alon of th. ,e=.ptor-coding ge»«. 

and constantly th. Knowledge auch ,anipulation and 

.ipreaaion Bill yield. " 

Th. pi«ent invention la dir.cMd to 
30 over co a in, theae problem of .h.tt aupply of 

pure receptor aat.ri.l and lac* of D»A ae^enta »hich 
encode thfc receptors. 

The Background section of the specification 
35 refers to the following publications. 
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2o Aobusaas, M., and Bogoades, So©* ia 2fea 

ppftr^fffl P^ fl it<«io«y..og-JteAawhiXH « §ds.. 
Asabasnes, Mo? and ffrlflbtf-SsfcsPs-jrVolo 2, pp. 
5 31S°3S>S P acadoaicp London (197§)o . 

2„ . Gesofei, Jo ff aad Geaaoa, g~r -A- Re re^ghx3*aU , 

. 38.<52S°€S0 (1976) . 
3. Baywasd, Ho Ac Bseefc, oad Shapiro, D.Jo,. 

HHfilfii£-l^S-S£fi-^ 10.8273=1284 (1982). 
10 4o Heeuifcz, KoBc.and BeGeige, ff.J.., J« ..fttaU 

£hgm<^ 253 s 2223-2228 (1978) • 
5. Jensen, E.V.,'and DeSoabee, B.R., ft* ftfiY^ 

aiaebissu* 41*203-230 (1972)- . 
g 0 Jeason, B.V., et al.« ?rn p n MftftX* ftPfld* Sfi*^ 

15 &A>A».f 59:632-638 (1968) . 

7. Khoury, G., a» d Gzussp P., £e2A, 33s 313=3X4 
(1983). 

8. HcKnight, 6.5., aad Palaifc'eSf S.B., Jn . flArtU 
' qua. .' 254 g9050°9038 (1968). 

20 9. o , Halley, B.W.r »cGuire» 'Kohl«tr P.O.i 

and Koenaan, 5.6. , Rpsenft . gxflfln flft*^ 

25.105-160 (1969). 
10. • Pamiter, R.B.p Hoose, P.B., HulvihiXX, E.R. 

ana Emtage, S. , £fili' 8:557-572 (1976). 
25 u . Peteckofsky, B. r and Tomkins, G. , Pr ns, Ma£U 

flr .< S"* n.s.a^ . 80:222-228 (1968). 

12. Yamaaoto, K.R., and Albert©,- B.M. , &*-te2± 
aiae&esu, 45&721-746 (1976). 

13. " Yaaasote, K.R., and AXb®s£s, B.K., Prn Sn Ete&U 
30 nrPfl «~<- n.«.A>. 69,2105-2109 (1972). 

ftTOf;? PPBLICATIOflS--. 
Some of the information disclosed in this 
specification has been published: 
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The study disclosed in Experimental Section I 
has been published as: Bollenbsrg, S.M., Weinberger, 

C, ong, E.S., Cerelli, G.r Oro, A., Lebo, R., 
Thompson, E.B., Rosenfeld, H.G., and Evans, R.H., 

5 "Primary Structure and Expression of a Functional Human 

Glucocorticoid Receptor cDHA", Hnture (London), 

318:635-641 (December, 1965)* 

The study disclosed in Experimental Section II 

has been published ass Giguere, V., Hollenberg, S.H., 
10 Rosenfield, M.G., and Evans, R.M., "Functional Domains 

of the Human Glucocorticoid Receptor", £ftll, 46:645-652 

(August, 1986) 

The study disclosed in Experimental section 
III has been published as: Weinberger, C. , Thompson, 
15 C.C., Ong, E.S., Lebo, R., Gruol, D.J., and Evans, 
r n , "The c-*Ui-A Gene Encodes a Thyroid Hormone 
Receptor", "»-'"■« (London), 324:641-646 (December, 

1986) . _ „. 

The study disclosed in Experimental Section IV 

20 has been published as: Arriza, J.L., Weinberger, C, 
Cerelli, G. , Glaser, T.M., Handelln, B.L., Houseman, 

D. E., and Evans, R.M., "Cloning of Human 
Mineralocorticoid Receptor Complementary DMA: 
Structural and Functional Kinship with the 

25 Glucocorticoid Receptor", Scifiac*, 237:268-275 (July, 

1987) . , v 

The study disclosed in Experimental Section v 

is in press as: Giguere, v., Tang, N., Segui, P., and 
Evans, R.M., "Identification of a New Class of Steroid 
Hormone Receptors". 
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ThG gtudy"di§cloge4 ia SsgerimeataT-Seetion VI 
is ia gsess ess Glass? CoKo* Fraaeor R<>* Sfeiaberger, 
Co, &lb<agfe? VoX*/ Evans, and Rosenfeld, fi ? G., °A 

c-&£&-& Binding Sito ia the Rat Growth Boraone Gene 

5 * Sfedi&te® Traasaetioa® by Thyroid Hormone 0 0 

The study disclosed ia Experimental Section 
VII has be<an published ass Thompson, Catherine e«, 
tfeinberger? Cary, Lebo, Rog^ri- and Evans 7 Ronald Ho, 
identification of a Hoval Thyroid Hormone Receptor 

10 Espgessed ia the Mammalian Central Nervous System", 
Sciftnee , 237 81610-1614 (September, 1987) . 

BRIgg-JIBgaigPIOH-QP THB.PRMIH S5 
The following is a brief description of the 
drawings o More detailed descriptions are found in the 

15 Experimental 1 Sections of this sepcification. To avoid 
confusion* drawings which are referred to in 
Experimental Section I are labeled with the prefix °I°? 
those referred to in Experimental Section II are 
labeled with the prefix °il° , and so on« 

20 The drawings comprise 40 Figures, of which s 

EXPERIMgH? ^ SECTION _X 

FIGURE 2-1 (A and B) is a drawing which shows 
the human glucocorticoid receptor cDNA sequencing 
strategy (Fig* I-l(A)}, plus a schematic representation 
25 of cuNA clones (Pig<> I-l(B))o 

FIGURE 1-2 is a drawing which shows the cDNA 
and predicted primary protein sequence of human 
glucocorticoid receptor (hGR) o (Figures 1-2 is divided 
into, two parts? Fig 0 1-2(1) and Fig* 1-2(2) o) 
30 FIGURE 1-3 (A and B) is a drawing which shows 

the restriction map (Si*«> 1—3 (A) ) and nucleotide 
sequence (Fig 0 1-3 (B) ) of the 3* end of the human 
glucocorticoid receptor beta cDNA (beta-hGR) o 

FIGURE 1-4 (A and B) relates, to an immunoblot 

35 
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comparison of bGR translated ia wifea la SiZfl hGR 

from cell extracts. Pig. 1-4 (A) is a Rawing showing 
eh© vectors constructed for ia xi£sa transcription of 
the hGR cDHA sequence, Pig. X-«(B) is a photograph 

5 showing a Western blot analysis of ia zltee. translation 
products and cell extracts. 

FIGURE I°5 is a graph showing steroid-binding 
of alpha-hGR (GR107) translated ia 2i£sa. 

PIGURE I-$ (A and B) is a schematic drawing of 

10 expression plasmids pGBRRl (Fig. I-S(A)) and p6ERR2 
(Pig. I-6(B)). Plasmid pGERRl was used to express 
estrogen related receptor hZRRlt pGERR2 was used to 
express hBRR2. 

U piGURE II-l is a drawing showing a schematic 

representation of the hGR functional assay. 

PIGURE 11-2 is a photograph showing, a Western 
blot analysis which illustrates expression of hGR 
protein. 

20 PIGURE II-3 is a photograph of a blot which 

illustrates induction of CAT activity by hGR. 

PIGURE II-4 (A and B) is a graph. Pig. 

II- 4(A) shows the dose-response to DEX of pRShGR alpha, 
Pig. II-4(B) shows the titration o£ pRShGRa. 

25 piGURE II-5 is a schematic drawing showing the 

location of functional domains in hGR. 

ftXPRffTMENTftr. fiRCTTPH Ul 
PIGURE III-l (A and B) is a drawing which 
shows. (A) the restriction map and sequencing strategy, 
30 plus (B) the nucleotide and predicted amino acid 

sequence, of human placenta c-&£h-& cDNA. (Figure 

III- IB is divided into two parts: Fig. 1XI-1(B)-1 and 

Fig. III-l(B)-2.) 

FIGURE III-2 is a drawing showing an amino 
35 acid sequence comparison between the carboxy-terminal 
portions of the v-sxii-A oncogene product, the human 



EXHIBIT 13 



151 



WO 88/031® 



PO/US87/02782 



-8= 

pleceafesl.e-£g&-^ Folypepfeide eafi tas auaaa 
glucocorticoid and oestrogen receptors 0 

FXGURS XXX-3 (A* 8 and C) is a paotogeapa og a', 
blot showing Southern analysis and ehroaoaoae sapping 
5 of husaa placental DBA with DBA probes.; Fig. 

XXX-3 (&) shows human term placental DBA digested with 
endonucleases and separated on an agarose gel. Pig- 
IXX-3(B) shows an analysia oS a placental DHA using 
c-zx&rA as a probe. Fig. IXX-3CO shoos chromosome 
10 mapping of the human c genes. 

FIGURE III-4 (A and B) is a photograph showing 
human c-.e£&-& expression. Pig- XXX-4(A) is a blot 
showing a Northern analysis of RHA's from human cell 
lines and human placenta. Fig. XXX-ft(B) illustrates 
15 synthesis of ssfe-A polypeptide itt sit£S. 

FIGURE III-5 (A, Br C and D) shows" four graphs 
which relate to thyroid hormone binding to 
polypeptides synthesized i& xlfcsa. Fig, IXX-5(A) is a 
Scatchard analysis of 125l-T 3 binding to the 
20 polypeptides made la 2i£r£- 111-5 (B) stows 

competition of thryoid hormone analogues ia 2i£sa- rig. 
III-5(C) shows competition of triiodothyronine isomers 
from 125i-t 3 binding to &zh-& polypeptides synthesized 
ia sJJEx&o Fig. IIX-5(D) shows competition of thyroid 
25 norin one analogues for 12S Z ^ 2 binding to 0.4 KC1 HeLa 
cell nuclear extracts,, 

FIGURE ItI-6 is a schematic drawing which 
compares the steroid and thyroid hormone receptors. 

FIGURE III-7 is a drawing which shows the cDNA 
30 nucleotide sequence and the predicted primary protein 
sequence of human thyroid receptor hBRBA 8.7o (The 
sequence of thyroid receptor UFA 8 is related to bERBA 
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8o7o Sm th© Description o£ the Xnventiea section 
which follows.) 

PIGORB XV-1 (A, B, C and D} is comprised of 
three photographs and one schematic drawiag, all of 
which concern to isolation of a genomic aoquance 
related to the hGR gene. Pig. I?-1(A> is a photograph 
showing high-stringency Southern analysis of human 
placenta DNA digested with the indicated nucleases. 
Pig. XV-€(B) is siailar except that it shows 
low-stringency Southern analysis. Pig. XV=4(C) is also 
a photograph of a Southern blot; it demonstrates 
isolation of the genomic sequence in a clone designated 
lambda HGH. Pig. IV-4<D) is a schematic drawing which 
1S shows the intron-exon structure of lambda HGH genomic 
fragment and its homology with hGR. 

PIGORE IV-2 (A and B) is a drawing which shows 
the cDNA nucleotide sequence and the predicted primary 
protein sequence of human' miner alocorticoid receptor. 
20 Pig. IV-2 (A) shows the composite structure of hMR 
aligned with a line diagram of some restriction 
endonuclease cleavage sites. Pig. IV-2(B) shows the 
complete nucleotide sequence of hMR and its primary 
predicted amino acid sequence. (Figure IV=2<B) is 
25 divided into two parts: Pig. IV-2(B)-1 and Pig. 
IV-2 (B) -2.) 

PIGORE IV-3 is a drawing which shows the amino 
acid homology between miner alocorticoid receptor and 
glucocorticoid receptor. 

PIGORE IV-4 (A, B, C and D) is a drawing and 
three graphs which relate to the steroid-binding 
properties of expressed hMR. Pig. IV-4(A) shows the 
structure of expression plasmid pRSbMr, the plasmid 
used to express hMR. Pig. IV-4{B) is a graph showing 
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Scatchard analysis of trltiated aldosterone binding in 
extracts prepared from pRShMR-transf ected COS cells. 
Pigs. IV-4(C) and (D) are graphs shoving competition of 
unlabeled steroids for binding with [3 H] aldosterone in 

5 transf ected COS cells. 

FIGURE IV-5 (A, B and C) is. a drawing and two 
photographs which show transcriptional activation of 
MMTV LTR by hMR. and hGR expression plasmids in 
transf ected CV-1 cells. Pig. IV-S(A) is a schematic 

10 drawing of plasmid GMCAT. Pig. IV-5{B) is a photograph 
of a blot which shows differential. CAT enzyme activity 
found after hHR or hGR transf ection with normal serum. 
Pig. 1V-5(C) is a photograph of a blot which shows 
differential induction of CAT activity by aldosterone 

15 or dexamethasone in cells transf ected with hMR or hGR. 

FIGURE rv-6 is a photograph of a blot showing 
Northern analysis of mineralocorticoid receptor mRNA's 
in rat tissues. 

FIGURE IV-7 is a photograph showing 

20 chromosomal localization of hMR gene by Southern 
analysis of microcell hybrids. 

FIGURE IV-8 is a schematic drawing showing 
amino a cia comparisons of the hGR, hMR, and hPR 
structures. 

25 PVPEPTMBHTAr. SSCTTOK V 

PIGORB V7I (A and B) is a drawing which shows 
the cDNA nucleotide sequence and the predicted primary 
protein seqnence of hBRRl. Fig. V-l(A) shows the 
composite structure of hBRRl aligned with a line 

30 diagram of some restriction endonuclease cleavage 
sites. Pig. V-j.(j) shows the complete nucleotide 
sequence of hBRRl and its primary predicted amino acid 
sequence. (Figure V-l(B) is divided into two parts: 
Pig. V-1(B)-1 and Fig. V-l(B)-2.) 

35 
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FIGBR2 V-2 (A aad B) is a drawing which shows 
thQ cum nucleotide soquaaca aad tho predicted primary 
pgeteia sGqueaco og aBRR2. fig. v~2[A) shows th<a 
composite structure of hlRR2 aligned with a lino 
diagram of some restriction endonueleas© cleavage 
sites. Pig. V~2(B) shows the complete nucleotide 
sequence o£ bisRR2 and its primary predicted amino acid 
sequence. (Figure V=2(B) is divided into two parts* 
Pig. V-2(B)-1 and Pig. V-2(B)-2.) 

FIGURE V-3 is a drawing showing an amino acid 
sequence comparison between the earbosy-terminal 
regions of bERRl, hBRR2, the buaaa oestrogen and 
glucocorticoid receptors. 

FIGURE V-* is a photograph showing Horthern 
15 blot hybridization analysis of bERRl (Pig. *-«(*» and 
mRNA's in rat and human tissues (Fig. V-4(B)). 

PIGURE V-5 is a schematic drawing showing 
amino acid comparison between hERRl and hERR2, hBR and 
human thyroid hormone receptor (b?3» beta) . 

20 pvT^TMBWTAT, SKfTTfiH VE 

PIGURE VI-1 (A, B and C) is comprised of two 
drawings, plus a drawing and a photograph, all of which 
relate to thyroid hormone responsiveness of various 
gene fusions containing rat GH 5'-flanking sequences. 

25 ?ig . VT-l(A) is a drawing which illustrates 

responsiveness of 5' and 3' deletions of the rat GH 
gene. Fig. VX-l(B) is a drawing which shows functional 
analysis of the putative t 3 receptor binding site. Pig. 
VI-K.C) is a drawing/photograph combination which 

30 illustrates an mRNA transcription initiation site 
analysis. 

FIGURE VI-2 (A and B) is a drawing which 
relates to binding of T 3 receptors to oligonucleotide 
probes containing biotin-U-dUTP. Pig. VI-1 (A) is a 
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schematic representation of two oligonucleotide probes 
used to assay T3 receptor blading to GB 5' -flanking 
sequences-* Pig<> SV-l(B) t® a grapa showing 
precipitation of l23 Z-T% labeled T3 raceptora from GC2 

5 nuclear extracts by various oligonucleotide probes., 

FIGURE VX°3 is a photograph showing a DWase I 
footpeinting of the eat GB enhancer element by GC2 
nuclear extracts*' 

FIGURE VI-4 is a graph illustrating binding to 

10 oligonucleotides containing 64 and 29 base pairs of 
5 '-flanking GH ssquance of rat pituitary cell T 3 
receptors and an hc^t-A ia xi££S translation product. 

PIGURE VXI-1 (A and B) is a schematic drawing 
15 which shows the restriction map (A) , plus the 

nucleotide and predicted amino acid sequence (B) , of. 
thyroid hormone receptor cDHA from. rat brain clone 
rbeA12. 

FIGURE VXX-2 is a schematic drawing which 
20 compares the rat thyroid hormone receptor {rTR alpha) 
protein with the human thyroid hormone receptor (hTR 
beta) and chicken thyroid hormone receptor (cTR alpha) 
proteins o 

FIGURE VXI-3 (A, B and C) is a photograph 
25 showing Southern blot analysis and human chromosomal 

localization of the rTR alpha gene. Pig. VII-3 (A) is i 
blot showing human placenta DNA hybridized to a 500-bp 
22HII fragment* from rbeA12i Pig. VII-3 (B) shows the 
placenta DNA hybridized to a 450-bp 5s£X fragment from 
30 hTR beta. Pig. VII-3 (C) shows chromosome mapping of 
the rTR alpha gene. 
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FXGORB VXI-fl (A, B and C) shows a photograph 
and two graphs which rGlate to translation and 

thyroid bormonQ binding of rSR alphao Fig„ is 
a photograph of a SDS-polyaerylasid<2 gel showing the in 

5 HiE£a translation products of rTR alphao Fig* VXX~4(B) 
is a graph showing a Scatchard analysis of 125£-? 3 
binding to la *l*xn translated rTR alphao Fig* 
VXI-4(C> is a graph showing competition of thyroid 
hormone analogs for 125j-j 3 binding to Aa xXteA 

10 translated rTR alpha, 

FIGURE VIX-5 is a photograph of a gel which 
illustrates tissue distribution of rXR alpha mRHA„ 

In the present specification and claims , 
15 reference will be made to phrases and terms of art 

which are expressly defined for use herein as follows: 

As used herein, GR means glucocorticoid 
receptor o Disclosed DNA hGR codes for glucocorticoid 
receptor GR. 

20 As used herein, MR means mineralocorticoid 

receptor. Disclosed DNA hHR codes for 
mineralocorticoid receptor MRo 

As used herein, TR means thyroid receptor. 
Disclosed human DNA's c-&xhr&$ hERBA 8o7 and hPA8, and 
25 rat rbeA12, all code for thyroid receptor* 

As used herein, bERRl and hERR2 designate 
.DNA's which code for estrogen-related receptor 
proteins. 

As used herein, glucocorticoid hormones 
30 include Cortisol, hydrocortisone (HC) , and 

corticosterone (CS) , and analog: thereof include 
dexamethasone (Des) , deoxycorticosterone (Doc), and 
triamcinolone acetonide* 

As used herein, mineralocorticoids include 

35 . 



SUBSTBTUTE SHEET 

EXHIBIT 13 157 



WO 88/03168 " U ~ PCT/US^/^ 

aldosteroae (Aldoses ee il a* cortiee-sterone (CSJ, and 

deoxycorticosterone (Doc}. 

As used heseia, thyroid aoraonoo include 

thyronine end triiodothyronine (S3) » 
5 as used herein, estrogens (or ©QOfesegens) 

iaeledo ostradiol-17 bota, and analogs thereof include 

diethylstilBeotrolo 

As used hosoin, progestogens include 

progesterone (Prog), and analogs thereof .include 

10 pcoaegesfeonoo 

As used herein, androgens includo 
dihydroxytestcsterone, and analogs thereof include 

me thy It r i enol on e q 

As used herein, HTV means maaaary tuaor virus; 
15 MM TV means mouse mammary tumor virus. 

As used herein, RSV means Rous sarcoma virus* 

SV means Slaian virus. 

As used herein, CAT means chloramphenicol 

acetyltransf erase. 
20 as used herein, COS moans monkey kidney cells 

which express T antigen (Tag). S£& Glusaan, £sll, 
23:175 (1981). COS cells are useful in the bioassay 
system of. the present invention. 

• as used herein, CV-1 means mouse kidney cells 

25 from the cell line referred to as °CV-1<\ CV~1 is the 
parental line of COS. OnliJce COS cells, «hich have 
been transformed to express SV40 T antigen (Tag), CV-1 
cells do not express T antigen. Like COS cells, CV-1 
cells are useful in the bioassay system and methods of 

30 the present invention. 

As used herein, when it is said that a protein 
has "hormone-binding properties characteristic of a 
hormone sector", it means that, if, in a»7 standard 
assay for binding-affinity between a hormone f ros a 

35 species, or a synthetic analog thereof, and its cognate 
receptor (s) from that species, the affinity of the 



SUBST8TUTE SHE^f 

EXHIBIT 13 158 



10 



15 



" 15 ~ PCT/US87/02782 

WO 88/03168 

protein for the hormone or synthetic analog 1. at least 
about 10% of the affinity of the hormone or analog and 
the cognate receptor (s) from that species. 

As used herein, when it is said that the 
5 transcription-activating property of a protein (X) is 
•characteristic" of that of a hormone receptor (R>, it 
aeana that, if, when tested in an assay such as the 
-cis-trans- receptor functionality bioassay system of 
the invention, <fi*£ Description of the Invention, also 
m Experimental Section II, especially Fig. 12-1. plus 
the subsections labeled -Results- and -Experimental 
Procedures- which relate to use of the bioassay to .how 
functional expression of hGR) , the rat. of «P"»"° n 
from a gene (6) (whose transcription is activated by 
binding of: a receptor completed with hormone or 
hormone analog) is, when protein (XJ is * 
piece of receptor (R) , at least about 10% that shown 
when receptor (R) itself is used, a. long ... - in both 
the case of the "receptor" C» and -protein (X) , the 
involved cells are bathed in the same concentration of 
hormone or analog thereof. 

As used herein, when it is said that a protein 
ha8 -hormone-binding or transcription-activating 
properties characteristic of a hormone receptor , it 
intended that the hormone receptor itself be 
encompassed within this definition. 

As used herein, when it is said that the 
transcription of a gene (G) is "substantially activated 
by hormone (■> , or hormone analog (aH,-, 
tie transcription of gene (G, is induced by binding of 
a hormone/receptor t (■) or (aH,/(R) or <r,J complex to 
chromatin" near where gene (6) is located Onder this 
definition <R) is meant to designate -wild-type or 
unaltered hormone receptors. The lower case (t) 
35 notation is meant to designate functional 

oz modified" receptor proteins, or proteins encoded by 
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bBNA variaats ©2 0 wil<3~typa° goeeptog geaes. 

As osed aegeia, GR&'.o seaa glBeoeoefcicoid 
response eleaenfes aad TR2'o aeaa t±yg©i3 soe©pfe©s 
aahaaceg-Xike BRA ocqueaees. CSSI's uq sahaaeeg-like 
5 DNA soquoacoo that confer glueocogUeeid gessoaoiveness 
via lategaetioa with feao GB. Savvag,- at al«, £g2J,, 

35$381 (1383) aad Schiedogsit* ot ol.r Bb£B£&> 30€g7<LS 
(1983) o fRg's ase siailag to caE's^scQpfe feaae they 
coafer thyroid horaoae gespoasiveaess via iafeoraetioa x 
with TRo. 

As used hereia, the tegms °tgaascgiptioaaX 
coatcol unit", °tganscriptional coatgol element 0 * 
"hormone responsive promoter/enbanceg clement" and °OHA 
sequeaces which mediate transcriptional stimulation" 
13 mean the aame thing, aad age used interchangeably. 

As used heroin, ia the phsaso "opegative 
horraoae respoasiv© promoter/onaaa.eQg olemoafc 
fuactioaally liaked to aa operative gopogteg goae", the 
word "operative" means that the respective OHA 
sequences (represeated by the terms "horaoao gespoasive 
promoter/enhaacer element 0 aad "reporter «eae°) are 
operational* i.e., work for their iateaded purposes? 
the word "functionally" means that after the two 
segments are linked, upon appropriate activation by a 
hormone-receptor complex, the reporter gene will be 
expressed as the result of the fact that the "hormone 
responsive promoter * was "turned on°"dr otherwise 
activated. 

Aa used hereia, the term "receptor-negative* 
meaas- tbat ao receptor ia detectable ia the cell, og if 
it is, only a §& aifiiaas anount-itsw a barely 
detectable amount) of receptor is preseato 

As used herein, a "mutant" of a DNA of 'b: 
invention means a DMA of the invention which has been 
genetically engineered to be different from the 
-wild-type 0 or unmodified sequence. Such genetic 
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engineering can iaeledo the insertion og 
nucleotides into the *ild-type ooqaencGS, deletion of 
auclootidoo grea tfeo wild-type oegeeaeos, a 
substitution of auelootides la tho *ild-tys>Q pequtneee. 

Ose ©2 fcfco tosa Substantial oeqaoaee 
homology" in fehG presoat specification anfl Glaims seans 
it is intended fefcat DBA or ^ sequences w&ieh have da 

sequence wiatlooo tho actual ooquences 

disclosed and claimed herein -aso within the ©cope of 
the appended claims o 

The amino acids which comprise the various 
amino acid sequences appearing herein may bo identified 
according to the following three-letter or one-letter 
abbreviations 8 

Three-Letter 
Ala 



20 



25 



30 



35 



One-Letter 
A 



L « Alanine 
L - Arginine 
L - Asparagine 
L « Aspartic Acid 
h - Cysteine 
L « Glutamine 
L - Glutamic Acid 
L - Histidin® 
L - isoleucino 
L - Leucine 
L - Lysine 
L - Hethioaia© 
L - Phenylalanine 
L - Proline 
L - Serine 
L - Threonine 
L « Tryptophan 
L ° Tyrosine 
L - Valine 

The nucleotides which comprise the various 



Arg 

Asn 

Asp 

Cys 

Gin 

Glu 

Bis 

lie 

Leu 

Lys 

Met 

Phe 

Pro 

Ser 

Thr 

Trp 

Tyr 

Val 



N 



Q 
£ 
B 



s 
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. nucleotide sequeaces appeariag hareia have their usual 
siagle-lefcter designatioas (A? G, T, C os tf) used 
routinely ia the azto • 
ra the textual portioa of the preseat 
3 speeifieatioa and claims, zeferaaeaa to Crook letters 
are written as alpha, beta, etc Xa the Figures the 
cozzespoaaiag Greek' letter symbol a are sometimes used. 

Expression plasmid pGBH3 is commercially 
available from Pzomega Biotec, 2800 Sooth Pish Hatchery 

10 Road, Madison/ WI 53711. 

nBPOSITS 

Plasmids pRShGR-alpha, pRShKR, peAlOl, rbeAl2 
and GKCAf, all of which are in E^, s&LL HB101, plasmids 
P E4 and pHKA, both of which ace ia eeU, DHS, plus 
15 plasmids phB3, phERBA 8.7 and phPA 8, have been 

deposited at the Americaa Type Culture Collection, 
Rockville, Maryland, DoS..A. (ATCC) . under the terms of 
the Budapest Treaty on the International- Recognition of 
Deposits of Microorganisms for Purposes of Patent 
20 Procedure and the Regulations promulgated under this 
Treaty. Samples of the plasmids are and will be 
available to industrial property offices and other 
persons legally entitled to receive them under the 
terms of said Treaty and Regulations and otherwise in 
25 compliance with the patent laws and regulations of the 
Onited States of America and all other nations or 
international organizations in which this application, 
or an application claiming priority of this 
application, is filed or in which, any patent granted on 
a«iy such application is granted. 

The ATCC Deposit Numbers for the ten deposits 

are as follows; 

pRShGR-alpha 67200 

pRShMR 67201 

35 peAlOl 67244 

rbeA12 67281 
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GHCAT 
pBRA 



S7282 
§7309 
S7310 



phSBBA 8.7 4«™ 
5 phFAS 493?2 

phH 3 40373 

in one aspect, tha prosent invention eoapriaes 
a double-stranded DHA segaant tbo pi"* or 

10 strand of the cental" a aequonco of triplet, 

coding for the primary sequence •« • P^tain nhich has 
hormone-binding and/or transcription-activating 
properties characteristic of a hormone raptor prota n 
selfctsd from the group consisting of, a glucocert eoid 

15 receptor, a minaralocorticoid raptor and a thyroid 
hormone receptor. According to this aspect of the 
invention, the double-stranded DMA segment is one which 
I, capable of being e*pr eased into tho receptor 

20 Pt0tein * m another aspect, the invention comprises a 
single-stranded DHA, which is the sense strand o£ a 

U I e-stranded DHA according to the ^^'^ 
RNA made by transcription of a double-stranded DHA of 

the invention* 

25 m another aspect, the invention comprises 

p la6n ids which contain DHA illustrative of the ONA of 
the present invention. These plasmids have been 
^posited with the American Type Culture Collection fo 
patent purpose.. The plasms of the invention include 

30 plasmids selected from the group consisting , o . 
P pRShGR -alpha (ATCC -C0, ; P- (AT 7 
peAlOl (ATCC 067244), rbeAl2 (ATCC ohERBA 
^7282), PE4 (ATCC 067309), pHKA (ATCC 
8.7 (ATCC 040374), pbPAS (ATCC 040372), and phB3 (ATCC 

U0312) ° in still another aspect, the invention 
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compri»« a cell, preferably a mammalian cell, 
transformed with a DNA of the invention. According to 
this aspect of the invention, the transforming DMA is 
capable of being expressed in the cell, thereby 
5 increasing the amount of receptor, encoded by this DMA, 

in the cell. 

Purther the invention comprises cells, 
including yeast cells and bacterial cells such as those . 
of fiQli and a* wnhtHla, transformed with DNA's of 

10 the invention. 

Still further the invention comprises novel 
receptors made by expression of a DNA of the invention, 
or translation of an mRNA of the invention. According 
to this aspect of the invention, the receptors will be 
15 protein products of -unmodified" DNA's and mRHA'a of 
the invention, or will be modified or genetically 
engineered protein products which, as a result of 
engineered mutations in the receptor DNA sequences, 
will have one or more differences in amino acid 
20 sequence from the corresponding naturally occurring 
•wild-type" or cognate receptor (i.e., the naturally 
occurring receptor of known sequence with the greatest 
amino acid sequence homology to the novel receptor). 
Preferably these receptors, whether -unmodified" or 
25 -engineered", will have at least about 10% of the 

hormone binding activity and/or at least about 10% of 
the transcription-activating activity of the 
corresponding naturally occurring cognate receptor. 

The invention also comprises a novel method 
30 for determining the functionality of hormone receptor 
proteins produced from the DNA's (or mRNA's) of the 
invention. The new method, which is referred to herein 
as the -cis-trans" bioassay system, utiles two 
plasmids: an "expression" plasmid and a "reporter" 
35 plasmid. According to the invention, the expression 
plasmid can be any plasmid which contains and is 
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capable of essoin* a gocoptog DM of the invention, 
eg an omiMarod autant thegeof, in a oai table 
yQCe ptog~negaUvo hoot eoll. &Ao° according to the 
invention, tho zepogfce* J?lassi<a ess *> aav & iQOs4<3 
5 «bich contains aa ©pGzafcivo aegsono gosponcive 

pgcaoteg/onhanceg elaaeafe f nnetioaally Xiafcod te an 

opssativo gQposteg gone. 

la practicing the °cio-tgana° bioassay of the 
invention, tho ospgoesion plassid (containing jx 
10 °geceptog° DMA of the invention) and the gepoeter 
plasmid ase eetgansf ected into suitable 
receptog-negative host calls. She transacted host 
cells age then cultugod in the pgesenco and aboence of 
Q hogaone, or analog thegeof, «biea is able to activate 
15 the hogaone gesponsive proaoteg/eabanee eleaont of the 
gepogtog plasaido Nest tho transfected and eultuged 
host cells are aonitoged fog induction (i.e.. the 
p E e S ence) of the pgoduct of the reportes gene sequence. 
Finally, according to the invention, the evasion and 
20 steroid binding-capacity of the geceptog protein (coded 
for by the receptog DNA aoquonco on the expression 
plasaid and produced in the tgansfected and cultured 
host cells), is measured. (5^ Pi9« *or • 

schematic drawing of this °cis-trans" bioassay system.) 
25 The = cis -trans° bioassay systea is especially 

useful for determining whether a receptor DNA of the 
invention has been expressed in a transforaed host 
cell* it is also useful in determining whether a 
Teceptog of the invention has at least about 10, of the 
30 binding activity of the corresponding naturally 

occ^L cognate geceptor, as nil Aether 8 uch a 
receptor has at least about 100 of the 
transcription-activ,tlng activity of the corresponding 
naturally occurring cognate receptog. 

Finally, it has been discoveged, with the use 
of the DNA 'a of the invention, that a necessary and 
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Boffieiont eeaditiea, for activation oS tMnoctlptlon 

of a gone (6) traaseripfeioa is activated by 

aoraonoo cosplosod «itn rocepfcors io the pruoneo of ■ 
tho noraono and ifeo gocoptor in Wsaaa eoll as (6) . 
5 Shis diocovory has enabled uo to provido iapreved 

compositions aai sethod® 2or prodaeiag deoirod proteins 
in genetically eaginoored cells. 

Two of these aetaedo ase aethods. o2 tho 
present invention. The first is a ae^ed fos inducing 
10 transcription of a gene whose transcription is 

activated by. hormones completed the receptors. The 
eecond is a eethod for genetically engineering a cell 
and then increasing and controlling- production of a 
protein coded foe by a geno whose transcription is 
15 activated by hormones completed tilth receptor proteins. 

in discussing these two aothods, a gene whose 
transcription is activated by heraones complied with 
receptor proteins will be referred to. as gene CO . She 
hormone which activates gene (6) will * to as 

20 ( H ), and any of its analogs as (aB) . Receptor protein 
will be referred to as (a) , and functional 
modifications thereof as (c>. Anally, the cell where 
cene (6) is located will be referred to as CO , and the 
protein coded for by gene (6) will be referred to as 

25 

° According to tho gene induction method of the 
invention, cell (C) . which contains gen® (G>, is 
transformed by a DNA of the invention, which is capable 
of being ezpressed in cell (O and which codes for 
30 receptor (ft) or a modified functional form U) thereof; 
and the concentration of horsone_(B)., or analog (aH) , 
in cell CO is increased to a level at least sufficient 
to assure induction of expression of gene (6). 

According to the method for engineering a cell 
35 and then producing protein <»« gene CO, which codes 
tot protein (P) , is placed in cell CO so that it xs 
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u „d eg the control of a transcriptional control oleaent 
to «hich hoeaenQ (H) , complied with receptor (W, 

can bind, thorefey inducing fezaaoeriptiea of .gone (6). 
Aloo according fee this pxetela production sotbod, both 

5 aosnone (B) and receptor <») ago presont in coll (C). 

• presence of receptor (a) is assured by feraasforsing 

cell (C) with e DNA of the invention which codes for 
secepter (E) i or a functional modified fogs (c) 
thereof. The presanc© of boraeno <H), or its synthetic 

10 analog (aH) is assured by bathing transforaed cell (C) 
in a bathing solution which contains hormone (H) or 
analog UH) . Then, according to the aetaed, the • 
transcription of gene <G). is controlled by controlling 
fe ho concentration of <H) or (aH) in tho bathing 

15 solution ussd to bath transf oraed cell (O . By so 
controlling the transcription of gene (6), it is 
possible to control the production of protein (») in 
cell (C). 

As those skilled in the art will appreciate, 
20 based on this teaching, it will no* fc* possible to 
engineer cells 8 o that production of a protein (?) , 
encoded by a gene (G) whose transcription is activated 
by a hormone/receptor complea, is controlled by simply 
assuring the presence of hormone (S) and its receptor 
25 in cell (C) where gene (G) is located, and then 

controlling the concentration of hormone (B) or its 
analog that is present in cell (C) . 

nE3CE T y .Tft W OP TEE TNYEMTXflH 
The present invention relates, in part, to BNA 
30 segments which code for proteins having the 

hormone-binding and/or transcription-activating 
properties characteristic of glucocorticoid, 
aineralocorticoid and thyroid hormone "<•*»"• 
According to this aspect of the invention, these DNA 
« segBe „ts are ones capable of being expressed, in 

suitable host cells, thereby producing glucocorticoid, 
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aiaeralocogtieoid aafi thyroid hoeaona receptors or 
rec@ptor°Hfee proteiago The iaveatiea also relates to 
mRBA'a producod as the result of traascgiption. of the 
sense stands of the BHA'a of the iavsatieao 
5 She W&*a of the invention axe exemplified by 

DMA." 8 referred to herein ass hnsaa glucocorticoid 
receptor DHA (hGR) j human thyroid hormone receptor 
DNA's (h2Rs hSR alpha and hTR beta; hSR. alpha is 
axomplified by hERBA 8.7 and hffA 8? hSR beta is 
10 exemplified by cellular or "c-ssfe-A 0 ) ? rat thyroid 

hormone receptor (rbeA12) , which is the rat bomolog of 
human thyroid receptor alpha? human miner alocorticoid 
receptor {hMR) ; and new human steroid hormone receptors 
(hERRl and hBRR2) . She sense strand cDNA nucleotide 
15 sequences, and the predicted primary protein. sequences 
coded for thereby, are shown in Figs. 1-2(1) and 1=2(2) 
for hGR? in Pigs. 1XI-1(B)-1 and III-1(B)=2 for human 
c-szh-&t and in Pig. III-7 for hERBA 8.7 and hPA 8; in 
Pigs. iv-2(B)-l and lV-2(B)-2 for hMR? in Pigs. 
20 v-l(B)-l and V-l(B)-2 and Pigs. V-2(B>-1 and V-2(B)-2 
for hERRl and hBRR2, respectively? and in Fig. Vil-l(B) 
for rat thyroid receptor rbeAl2. 

DNA's hGR, human c-gzh-hr hERBA 8.7, hFA8, 
hMR, hERRl, and hERR2 are preferred uHA's of the 
25 invention. Also preferred are the plasmids which carry 
these and other DNA's of the invention. Preferred 
plasmids includes pRShGR-alpha , pRShMR, peAlOl, rbeAl2, 
GHCAT, pB4, pHKA, phERBA 8.7, phPA 8, and phH3. 

In addition to pRShGR-alpha, preferred DNA" s 
30 include modifications of pRShGR-alpha which are 

designated herein as 19, 137, 110?, 1120, 1204, 1214, 
1262, 1289, 1305, 1346, 1384, 1403, 1408, 1422, 1428, 
1440, 1448, 1490, I51S, 1532, 1550, and 1684, where °I° 
stands for "Insert 0 , and the number following the °1° 
35 represents the DMA modification designation. Host 

preferred of the modified pRShGR DNA's are those which 
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t»n.=ripti.n-.cti«ti n , p»P«tl« eh.ia=t.ri.tlc .£ 
non a» glucocorticoid r.ceptor, DHV. include 19, 

„7, 1102, 1120, 1204, 1214, 12.2, Xttf. 1303, 13 «. 
5 MS4, 1403, I40S, 1422, 1428, 1440, 144., 1490, IS15, 

1532* 1550, and 1684. 

Construction of pRShGR-alpba is detailed in 
the pact of the specification labeled -Experimental 
section XI". Ufe* especially subsection ll. P. <b>, 
10 -Recombinant Plasmids'.) Experimental Section II also 
oetails construction and properties of tbe pRShGR-alpba 
.edifications referred to in tbe l"*'* 1 "'^* 9 "?- 

With regard to tbe cDNA sequence for hGR shown 
i„ Pigs. 1-2(1) and 1-2(2), the two Ca at the 5'-en d 
15 of the indicated sequence are part of tbe Zsnl site 
fining tbe indicated segment to tbe 3' end of the 
segment which includes the KSV-LTR, and the * at the 
3' -end of the indicated sequence is a few bases 5 of 
the point where tbe indicated segment is joined to the 
20 3egme nt which includes tbe SV40 

pRShMR was constructed in essentially the same 
nanner as pRShGR-alpba and is essentially the sarae as 
pKShGR-alpha. Stated another way, with the exception 
of minor modif ications at the insertion sites, the h«R 
25 segment shown in Pig. IV-2(A) replaces hGR, the 

sequence of which is shown in Pigs. 1-2(1) and 1-2(2) . 
tiJ. PRShGR-alPha, pRShMV contains the receptor protei* 
O^A coding sequence under the control of the promoter 
from Rous Sarcoma virus, plus the SV40 origin of 
30 plication. Sea Footnote 41 in the Reference portion 
of Experimental Section IV; aim see Pig- IV-4W, 

compare with Fig. H-l. 

With regard to the hMR sequence shown in Pig. 
IV-2W-1 and IV-2(B)-2, the AG at tbe 5'-end of the 
35 slgll is a few base pairs downstream ol ! . ^111 
site, whereby the hMR segment is joined to tbe 
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RSV=LTR=coataiflIng segment. She M at the- 3 "-end of the 
segment ahom in Fife XV~2(B)~2 in a £w bases upstreaa 
of the 5°-end of the segseat which iaeludes the 
polyadanylation signal. 
5 Plasaid pealOl carries fehe entire coding 

region of huaan thyroid receptor c-ssk-A. (The geno 
foe c-gz&-& bean, localised to hnaaa ehzoaoseae 3| the 
protein product encoded by this receptor gene is now 
referred to as hTR beta» See. Experimental Section III? 
10 coapare with Bxperiaental Section 71Zo) 

Plasmid peAlOl was constructed by inserting 
the £eeRI fragment from pheA!2 Pig-. IH-l(A)) into 

the acflRS site of expression vector pGBH3 CProaega 
Biotec) , in the correct orientation., Foe further 
15 detail on this construction Experimental Section 
ill, subsection III. I. r under the heading labeleds 
Pig. Iir-4 Methods. 

In addition to the hTR receptor which has been 
localized to human chroaosoae 3, we have discovered a 
second thyroid hormone receptor that is distinct from 
the protein sequence predicted by plasmid. peAl 01. We 
have now isolated and characterized this new and 
unexpected thyroid receptor from both the rat than the 
huaan. In the rat this new thyroid hormone receptor is 
25 encoded by the DHA of plasaid rbeA12. (The DNA and 

predicted priaary protein sequence for rbeA12 is shown 
in Pig. VII-l(B)) In the huaan, the new thyroid boraone 
receptor is encoded by plasaid clone hBRBA 8,7, and its 
related clone hPA 8. (See Pig. "1-7 for the sequences 
of hESBA 8.7) hEBBA 8.7 and hPA8 are cuNA products 
froa the saae gene. The DNA sequence of clone hPA 8 is 
identical with the DNA sequence for heBBA 8.7 (shown in 
Pig. III-7) with the following exceptions. The hFA 8 
sequence is shorter than the sequence shown, in Fig. 
III-7. More specifically, nucleotides la (G) , through 
514 an (A), of the ERBA 8.7 sequence are missing in the 
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hPA 8 sequence In addition the bPA 8 sequence baa a 
delation which extends f roa the guanine (G) at base 
pair position 1138 through the guanine (<S) at baae pair 
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X2Uo Shis deletion ©liainates amiap acids 368, a 
(Glu), through 408, a (Sin) £roa too. pelypoptido 
eaceded by tho aPA 8 eloaoo As stated _abovo, our 
initial thyroid seeepter boo &ooa localised to 
5 . ehresesoso 3„ As ve show ia BsperiaGatal Ssetioa VII, 
the humaa gene for the aew thyroid" Mraoae-TQCGptos has 
been localised to human chroaoscae 17° Sat thyroid 
receptor rbeA12 represents the eat hoaolog of tho auaaa 
gene product froo chromosome l?o 
10 Because they ara. encoded by distinct genetic 

loci, the chromosome 17 gene products are now 
classified as hSR alpha and the chromosome 3 gene 
product is classified as h?R beta. Although highly 
related, the alpha and bota geno products coataia 
15 specific changes ia their priaary aaino acid sequence. 
Also, alpha aad beta products display 
characteristically distinct patteras of expression. 

The actions of thyroid hormones are widespread 
and dependent upon these receptors. Prior to our 
20 cloning of thyroid hormone receptor, this receptor had 
not been purified or biochemically, characterised. Also, 
the scieatific literature was entirely devoid of any 
evidence suggesting the existence of multiple thyroid 
hormone receptor gene products. The existence of 
25 multiple receptors will be useful as the basis for 
developing thyroid hormone analogs that selectively 
activate only oae class of these receptors." Shis could 
have widespread clinical impact and thus represents an 
exciting and important discovery. 
30 The iaitial thyroid hormone receptor we 

characterised was peA!2, the receptor now referred to 
as human thyroid receptor beta. We used this beta 
clone to screea, by molecular bybridizatioa, a rat 
brain cDNA library for related sequences. This led to 
the identification of plasoid rbeAl2 and its subsequent 
identification as a novel thyroid "hormone receptor of 
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tbo alpto class. Bat rbeA12 in tusa esQfi as a 
aeloeular hybridisation orobQ to eloae the auaaa 
aosolofl totto rbo>AX2 §oao wrtvet* ThQ aiaaaa product 
ia encoded by eleaeo aSSSA 8,7 aad h?h 8. 
S Additional thyroid seeeptos eBB&»0 (safe 

thyroid receptor cbaA12, aad aasaa thyroid receptors 
haSBA 8.7 and hFA8 can b Q expressed by iaaartiag their 
cDHA's, in the eoccoet orientation, into espreasioa . 
vector pGBM3, as was done foe c-gsfe-A. 
10 Saraing ao« to plasmid GJJCA?, it is a reporter 

plasaid that contains the ^ LTR linked to the 
bacterial geae for chloramphenicol acetyltransf erase 
(CAT) . As a result of this liakage, use of pGMCAS 
provides an easysatic assay for assessiag 
15 transcriptional activity of tho HW proaoter. Since 
the SW promoter coatains several glucocorticoid 
response elements (GRS's), reporter plasaid pGHCAS caa 
be cotransfiected with egression plasaids carrying 
glucocorticoid or aineralocorticoid receptor DNA's, now 
20 kn own or later discovered, into suitable boat cells. 
(Such cotransfectioa is part of the receptor 
"cis-trans" functionality bioassay system of the 
present inventioa. This aspect of the invention is 
discussed aore fully below.) Detection of CAT activity 
25 in the co-tranaf acted host cells shows that the 
polypeptides produced by the receptor espression 
plasaids are functional, i.e., have transcription 
activating properties characteristic of receptor 
proteins. Plasmid pGMCAT has beea deposited with the 
30 ASC C *os patent purposes, it has beea accorded ATCC 0 
6728^. Pig. IV-5(AJ) for a schematic drawing of 

pGMCATo) 

Plasmid GHCAT is aa example of another 
reporter plasmid which is useful ia the present 
35 invention. pGECAT contains a portion of ^a growth 
hormone promoter functionally linked to the bacterial 
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gene for chloramphenicol acetyltransf erase (CAT) • 
Because of this linkage, use of pGHCAT provides an 
enzymatic assay foe assessing transcriptional activity 
of the growth hormone (GH) promoter. Since the GH 

5 promoter contains a thyroid hormone response element 
(TRB) r reporter pi as mid pGECAT can be cotransf ected 
with expression pi a ami da carrying thyroid hormone 
receptor DNA's, now known or later discovered, into 
suitable host cells. (Such cotransf ection is also part 

10 of the 'cis- trans" receptor functional bioassay system 
of the present invention. This aspect of the invention 
is discussed more fully below.) When pGHCAT is used 
with a TR expression plasmid (which for example could 
carry hTR alpha or hTR beta DNA) to cotransfect 

15 suitable host cells, detection of CAT activity in the 
co-transf ected host cells can be used to show that the 
polypeptides produced by the thyroid receptor (TR) 
expression plasmids are functional, i.e., have 
transcription activating properties characteristic of 

20 thyroid receptor proteins. 

Plasmids pE4 and pHKA relate to cDNA's which 
encode an estrogen related receptor referred to herein 
as hERRl. f s^e Experimental Section V, especially Pig. 
V-l, parts A and B* ) Plasmid pE4 carries the cDNA 

25 segment referred to in Pig. V-l (A) as lambda hK£4? pHKA 
carries the segment referred to in that same figure as 
lambda hKAl. Both pE4 and pbKAl have been deposited 
with the ATCC for patent purposes. The two plasmids 
can be joined as follows to produce a single plasmid 

30 (pGMERRl) which contains the entire coding sequence for 
estrogen related receptor hERRl. 

The preferred procedure for joining the two 
cDNA clones pE4 and pHKA makes use of a synthetic 
linker which is complementary at each end for a 

35 specific restriction. enzyme site present in each cDNA„ 
More specifically/ the inserts from lambda hKAl and 
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lambda hK!4 are elenei as IfifiHI f ragaeats iafee. the 
plasmid vector pG£l3 {Peeaega Biofeec) » we naaad thea 
pGHKA and pGKKI, gespeefcivoiyo Nesfeff is cut by 

aiii and fiiadlXX and the fragaent encoding hBH&l ia 
purified froa agarose gel (gragmeafe l)o pGHKS is cut 
by fisalXX and SiadXXX and the fragment encoding the 5» 
end region of BBRS1 aad the vector sequences is 
purified froa agarose gel (gzagment 2)» Thirdly, two 
synthetic oligonucleotides coapleaentary to each other 
are synthesized. The oligonucleotides are as follows* 
Oligo I: 

GTGCCTGGTGCGGTGGGAGGAAAACCIAGAGTGTATGCTACAAGCAGCCGGCGGGj 
Oligo lis 

CGCCCGCCGGCTGCTTGTAGCATACACTCTGGTTTTCCTCCCACCGCACCAGGC- 
15 ACTTT. Finally, Pragaant 1 and 2 and Oligo I and II 
are ligated to each others according to standard 
methods known well to those skilled in the art, and 
then transformed into the bacterial stain DBS » The 
resulting colonies are screened for the DMA construct 
20 referred to herein as pGNEMl. Plasaid pGHERKl can be 
used to express hBBSl. Ssul *ig, 1-6 (M for a schematic 
drawing of pGHERJU. 

Plasmid phfl3 relates to clone lambda hH3 which 
was isolated from a human heart lambda gtll cDNA 
25 library using a nick-translated 700-bp £ssRI-£m&I 

fragment representing the 5' portion of lambda hKAl. 
(Clones lambda bRB4 and lambda hKAl were isolated froa 
a human kidney lambda gtlO cDNA library; ana 
Experimental Section V. , Bo, especially the subsections 
labeled as Pigure V-l and Figure V-2 Methods.) Clone 
lambda hH3 carries cDNA which codes for ?i estrogen 
related receptor referred to herein as hERR2. The cDHA 
from P hH3 can be inserted into pGM3 to create pGMERP.2, 
a drawing of which is shown in Pig. 1-6 (B) . The 
functional and structural characteristics of 
receptor-like polypeptides hBRRl and hERR2 are 
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disclosed anS diseesaed in Sapegiaental Sectioa 

Oslo og the added dioeovozioo wo have sad© 
aapleyiag fcao DHA'Q of tho iavsafcioa &o fcao eoaag&ablo 
eequeacs homology aaoag feae various aosseao goeoptego, 
S within one speeieo, an d, fog aay partieulog goeoptog, 
eaong opecieso (&aja. 2oe Qsaapls^ ?if<> KM aaiea 
coapares the ' carboxy-tarminal poctioas of the v°gzh-h 
encogone pgoduct, tho human placental c°&sh-& 
polypeptide, anS tho human glucocorticoid. and estrogen • 
10 geeeptogg* Pig» ixi-J which ceapages the stsgoid aad 
thyroid -hormone gecepteraj Fig 0 XV-3 which coapages the 
amino acid homology between ainsgalocogticoid gocgptog 
and glucocogtieoid receptor r Pig. XV-8 which shows the 
amino acid comparisons between bGR, hHR, and a?R 
15 structugesy Pig. v~3 which coapageo the 

carbosy-tegminal gegions of hERRl, hERR2,the huaan 
estrogen aad human glucocorticoid receptors? and Pig. 
V-5 which shows the amino acid comparison between 
hERRl, hERR2, hBR and human thyroid hormone receptor, 
20 hT 3 R beta.) As a result of this homology the DNA's and 
RNA's of the invention can be used to probe for and 
isolate a gene from virtually any speeioa coding for a 
hormone receptor which activates transcription by 
binding to chromatin ONA after completing with hormone. 
25 By so using the DNA's and RNA's of the invention, 

especially the preferred DNA's that have been deposited 
with the ATCC for patent purposes, those skilled in the 
art, without undue experimentation, can screen genomic 
libraries to find other glucocorticoid, 
30 mineralocogticoid and thyroid hormone receptors which 
fall within the scope of the present invention. This 
aspect of the invention is illustrated by our discovery 
of estrogen-related re-eptora bERRl and hERR2 (££& 
Experimental Section V, especially subsection h 0 , 
35 introduction, and subsection B., cDRA Clones for 

Receptor bERRl) , and rat thyroid receptor, and human 
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thy sold seeeptogs T& alpha (ass Bsporiaental Section 
VIX, especially cubsaetioa Co, Xselafeioa of a Second 
Thyeoid Receptor DMA/ and fifo VTX-lf pasts A and B.) 

DHA"s and ieasQ ©tsaa3 SNA"© of tho invention 

5 can be employed, in conjunction with the induction and 
protein production methods of the invention foe 
example, to sake large quantities of substantially pure 
receptor proteins., In addition, the substantially pure 
receptor proteins thus produced can be employed, using 

10 well known techniques, in diagnostic assays to 

determine the presence of specific hormones in various 
body fluids and tissue samples. 

Further, the seceptor proteins of the 
invention can be eaployed ia screening for 

15 receptor-agonists and receptor-antagonists by using 
binding assays such as the one discussed in 
Experimental Section III for binding T 3 to the receptor 
encoded by peAlOl, or in the °cis-trans° receptor 
functionality bioassay of the invention, which will be 

20 discussed below. 

Finally, because the receptor proteins of the 
invention can be produced in substantially pure form 
they can be crystallized, and their structure can be 
determined by x-ray diffraction techniques. As will be 
25 apparent to those skilled in the art, such 

determinations are very useful when engineering 
"synthetic 0 or modified receptor protein analogs. 

In addition to DNA'b and RUA's, and the novel 
receptor proteins produced thereby, the present 
invention discloses three general methods! one relates 
to a bioassay for determining th© functionality of 
receptor proteins; the other two relate methods for 
inducing and controlling expeession of genes whose 
transcription is activated by a hormone-ceceptor 
complex bound to chromatin DHA. Each of the three 
general methods will be discussed separately. 
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ThQ new bioassay systea £©£ testing receptee 
functionality, which ue sefez £© as the °eis-tsaas 0 
bioassay syetea^ utilise two pl&saidss &n D oxpressioa 0 
plasmid aad.a °gGposteg° plassido Aeeosdiag to the 
5 iaventioa, tho expression plassifi can be say plassifi 
capable of ospsossing a rocopteg DHA of tho iavention f 
os a mutant thereof, in a suitable rocopfeos-aegative 
host eollo Also according fee the iavention, the 
reporter plasmid can be any plasmid- which eontaia© an 
operative hormone responsive proraoter/eahancer element, 
functionally linked to an operative reporter geae<> 
the Definitions section of this Specification for an 
explanation of the terms used hereiao) The plasmids 
pGHCAT and pGHCAT are examples of reporter plasmids 
which eoat&ia an operative horsba<^ responsive 
promoter/enhancer element f uaetioaally liaised to an 
operative reporter gene F and can therefore be used in 
the receptor functionality bioassay of the invention o 
In pGMCAT, the operative hormone responsive 
promoter/enhancer element is the LTR* in pGHCAT it 
is functional portion of the growth hormoae receptor • 
In both pGHCAT and GHCAT the operative reporter gene is 
the bacterial gene for chloramphenicol 
acetyltransfferase (CAT)*. 

In practicing the °cis-trans B receptor 
functionality bioassay of the invent! on, the expression 
plasmid and the reporter plasmid are cotransf ected into 
suitable receptor-negative host cellSo The transf ected 
host cells are then cultured in the presence and 
absence of a hormone, or analog thereof ff able to 
activate the hormone responsive promoter/enhancer 
element of the reporter plasmid. Next the transfected 
and cultured host cells are monitored for induction 
(ioeo, the presence) of the product of the reporter 
35 gene sequence Finally, according to the invention, 
the expression and/or steroid binding-capacity of the 



20 



25 



30 



EXHIBIT 13 



17 8 



WO 88/03168 PCT/US87/02782 

-34- 

hormone receptor protein/ or mutant thereof (coded for 
by the receptor DMA sequence on the expression plasmid 
and produced in the tranafected and cultured host 
cells)/ is measured. Fig. II-l for a schematic 

5 drawing of this "cis-trans" bioassay system.) 

When using the •cis- trans - receptor 
functionality bioassay system of the invention to 
determine the functionality of glucocorticoid or 
mineralocorticoid receptors,, in preferred forms, 
10 plasmids will carry a selectable marker such as the amp 
gene. In addition, in preferred forms the reporter 
plasmids will have the nTV LTR or a functional portion 
of the growth hormone promoter as the hormone 
responsive promoter/ enhancer element. MTV LTV is 
15 preferred because it is known that glucocorticoid 

hormones stimulate the rate of transcription of MTV DNA 
by increasing the efficiency of transcription 
initiation at a unique- site within the MTV LTR, 
Moreover, glucocorticoid receptors bind specifically to 
20 DNA sequences mapped within the MTV LTR, and thus can 
confer glucocorticoid responsiveness to a heterologous 
promoter. Experimental Section II, especially 

subsection C. (a) , Assay System and Experimental 
Design.) It is also known that mineralocorticoid 
25 receptor shows functional kinship with the 

glucocorticoid receptor, and that the DNA binding 
domain of hMR recognizes the wTV LTR. 
Experimental Section IV, especially subsection E.: 
Expression and Hormone Binding, and subsection F.t 
Transcriptional Activation). Growth hormone promoter 
is preferred because its activatici is responsive to 
binding by thyroid hormone-receptor complex. 

Preferred host cells for use with the 
"cis-trans" bioassay system of the invention are COS 
cells and CV-1 cells, Experimental Section II, 

subsection C. (a) Assay System and Experimental Design, 
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f©g ma oS tho preferred host cells in the bioassay 
oyotos e2 tho present invention) C0§~1 (rof erred to 
as COS) e©lls ago souoo fcidnoy e@llo that osproco 
? aatigea {Tag}* CV-1 do not Qspsoos Tag,, Gtf~i 
cell are eeavoaioafe because thoy laefe any endogenous 
glucocorticoid or aineraioeorfcieoifi ®k ©ther known 
gtoroid or thyroid hersena reeoptosoo Thus? via gone 
transfer with appropriate Gsgrossion vectors* it is 
possible to convert these best eel Is fro© receptor 
negative to receptor positive** The jpresenee of Sag in 
tha COS-1 derivative lines alloys the introduced 
expression plasraid to replicate and provides a relative 
increase in tho aaount of receptor produced during the 
assay period 0 

Expression plasaids containing tho origin 
of replication (ori) can propagate t© high copy ausbor 
in any host cell which expresses SV40 Tag G Thus our 
expression plasmids carrying the SV4G °ori a -ean 
replicate in COS cells , but not in CV-1 cells a Although 
the increased expression afforded by high copy number 
is desired, it is not critical to the disclosed 
bioassay system o The use of any particular cell line 
as a D host° is also not critical. The expression 
vectors are so efficient that, in our hands 9 the assay 
has worked in all the hosts we have examined o CV-1 
cells are preferred only because' they are particularly 
convenient for gene transfer studies and provide a 
sensitive and well-described host cell systeso 

The °cis-trans B bioassay system is especially 
useful for determining whether a receptor DMA of the 
invention has been expressed in a transformed host 
cell; it is also useful in determining whether a 
receptor of the invention has at least about 10$ of the 
binding activity of the corresponding naturally 
occurring cognate receptor? plus whether such a 
receptor has at least about 10$ of the 
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transcription-activating activity of ta© corresponding 
naturally occurring eegnate receptor. 

fig. schematically illustrates use of the 

°cis-6ean8° receptor functionality bioassay system of 
the invention when used to determine the functionality 
of receptor polypeptides coded for by hGR cDHA. Details 
of the bioassay, and its effectiveness as a 
quantifiable bioassay system to test receptor 
functionality, are disclosed and discussed in 
Experimental Section II. ISfift especially, subsection 
P., Experimental Procedures, and subsection C„ , (b) , 
Expression of Functional hGR.) As that experimental 
section shows, in addition to the CAT enzymatic assay, 
which can be used to show activation of the hormone 
15 responsive promoter/enhancer element, Western blot 

analysis of the transfected host cells can be used to 
demonstrate synthesis of receptor polypeptides which 
are indistinguishable with respect to mobility from the 
cognate receptors used as controls. Moreover, by using 
20 the °cis-trans° bioassay systea of the invention, 
activation of the receptors (produced in the 
transfected and cultured host cells) by specific 
hormones can also be examined, as can their 
hormone-binding capabilities and characteristics . As 
25 Experimental Section H demonstrates, when this was 
done for h£R, it was shown that the hGR of the 
invention is functional and binds with glucocorticoid 
hormones with the same specificity and concentrations 
as does the cognate receptor o 

Finally, as stated in the Summary section, by 
using the DHA's of the invention we have discovered 
that a necessary and sufficient condition for 
activation of transcription of a gene (G) , whose 
transcription is activated by hormones complexed with 
receptors, is the presence of the hormone and its 
receptor in the cell (C) where (G) is located. (The 
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method by wbiea aoraene (H) and recepfcor (R) effect 
gene 6»o fcsansesipfeiea is net fully uaa©ggife©©d,> 
However, it is boliavod febat receptor when 
eeaplesGd with borseno (8) , &iads fee opoeiSie BBA 

5 sifees, referred fee in feho art as D fegan@cgipfeional 
coats©! Qleaeafes D ©r °BHA seqeoaees waiea aodiafeo 
transcriptional stimulation 0 , waiea ar© leeafeofi ©a feh© 
chromatin aeer where gene (G) is loeafeQdo . This blading 
by the hormone/receptor, or (H)/(R)<? eoaples seeas fee 

10 act in a way aot yet understood , as a hersone dependent 
"switch 0 that "tarns on°, or in oome other Banner 
activates, the promoter for gene (G) , and thus 
stimulates the transcription of the (G) geneo) 

Our discovery has enabled ub to provide 

15 improved compositions and methods foe producing desired 
proteins in genetically engineered cells* Two o2 these 
methods are methods of the present invention. Tb© 
first is a method for inducing transcription of a gene 
whose transcription is activated by hormones completed 

20 the receptors. The second is a method for engineering 
a cell and than increasing and controlling production 
of a protein encoded by a gene whose transcription is 
activated by hormones completed with receptor proteins. 

Again, in discussing these two methods, a gene 

25 whose transcription is activated by hormones complexed 
with receptor proteins will be referred to as gene (G) . 
The hormone which activates gene (G) will be referred 
to as (H), and any of its analogs as (aH) . Receptor 
protein will be referred to as (R) i and functional 

30 modifications thereof as (rj. Finally, the cell where 
gene (G) is located will be referred to as (C) , and the 
protein coded for by gene (G) will be referred to as 
(P) . 

According to the gene induction method of the 
35 invention, cell -(C) , which contains gene (G) , is 

transformed by a DNA of the invention, which is capable 
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of being expressed in cell (C) aad which cedes foe 
roeogter (H) ©e a sedigied funetioaol foem (z) theroog? 
and the eoaceatratiea ©£ a©ss©ao (E) » ©s aaalee (aH) , 
ia call (C) is increased fe© a lovel at least su£fi§i©nt 

5 t© assuro induetien of espreooiea ©f goao (G)o 

Ao wo ohow in Esperiaental ieetien lit when we 
used the induetiea sothod ©2 the invention, t© ear 
great surprise, the prosonco ©2 (H) and (a) in the ©ell 
(C) where gene (G) was loeatod a©t only induced 

10 transcription of gene (G) bat also ineseosod production 
of protein (?) 500-1000 fold. This finding showed us 
that the induction aethod can be used to not only 
indues transcription, but to increase and control it as 
well. This finding also led us to develop our aethod 

15 for engineering a cell and then controlling production 
proteins (9) ceded for by genes (G) whose transcription 
is activated by hormones completed with receptors. This 
aethod will be discussed soe© fully below. 

Our induction aethod can also be used to 

20 increase and control production of protein (?) by 

simply adjusting the concentration of hormone (H) , or 
analog (aH) , available to cell (C) . (As those skilled 
in the art will understand, by transforming cell (C) 
vith a DMA of the invention, an adequate supply of (R) 

25 or (r) can be assured in cell (C) so that lack of (R) 
or (r) will no longer be a limiting factor in the 
transcription of gsno (G) . This being the case, by 
simply increasing tho amount of <H) or (aH) in the 
culture solution, it will be possible to increase 

30 transcription of gene (G) and consequently the amount 
of protein (?) that is produced in (C) cells.) 

The induction method of our invention can be 
used to induce expression of a.iy gene (G) that is under 
transcriptional control of a transcriptional control 

35 element activated by binding of a steroid or thyroid 
hormone receptor completed with one of its hormones 
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(B), or analogs (aB) thereof, as long ass (1), a DNA is 
available which codes for receptor (R) # or a functional 
modified form (r) thereof which has the 
transcription-activating properties of (R); (2), cell 
5 (C) is a cell that can be cultured; and (3), cell (C) 
can be transformed to express the (R)- or (r) -coding 
DNA needed to complex with hormone (H) or analog (aB) . 

Without undue experimentation those skilled in 
the art* can use any of the deposited DNA's of the - 
10 invention as probes to search genomic libraries for 
(R)- or (r) -coding" DNA 1 s which are not now available. 
Once found, these DNA's, if expressible in the cell (C) 
where gene (G) is located, can be used to transform (C) 
cells. Methods for transforming cultured cells are 
15 well known and can be used by those skilled in the are 
without undue experimentation. Also without undue 
experimentation, those skilled in the art can determine 
what the base level of (H) is in" cell (C) , if any is 
present, as well as what the concentration of (H) or 
(aB) must be in order to induce and control 
transcription of gene (G) , and thus production of 
protein (P) . The requisite concentrations of (H) can 
be supplied to transformed (C) cells by adding. (H) or 
(aH) to the culture solutions used to bath cultured (C) 
cells. 

We have taught that a necessary and sufficient 
condition for transcription of gene (G) is the presence 
of (B) or (aB) and (R) or (r) in the cell (C) where 
gene (G) is located, and that transcription of gene 

30 (G), and therefore production of protein (P) , can be 
induced and controlled by simply increasing the amount 
of (B) or. (aB) in the culture solutions used to bath 
transformed (C) cells* As those skilled in the art 
will appreciate, based on these teachings, it will now 

35 be possible to engineer cells so that production of a 
protein (?) , encoded by a gene (G) whose transcription 
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is activated by a aegaene/goeeptog eeaploa, is 
contgollod by oiaply assuging the pgosoaeo ©2 aogaone 
(B) aad its goe®pt©g in eoli (C) waese gene (6) is 
located, and then coatgolling tho eeneeatgatiea ©2 
5 aegaeao (H) eg ito analog that is preaeafc in eell (C) . 
?his concept is tho basic £os the cell engineegiag aad 
protein pgeduefeien aafched eg ©ug iavoatioa. 

Accogdiag to eug eagiaeeged eell aad proteia 
pgoduction aothods (1) * eell (C) is engineagod to 
contain geae (G) so that fcgaasegiptiea e£ gene (6) is 
uadeg the coatgol of a tganscgiptional coatgol eleraeat 
to which aa appeepeiafee horaone/reeeptog, (H)/(R), 
comple* caa bind, thereby activating transcription of 
geae (G) » (2) , cell (C) , which now contaias geaa (6) 
under the coatgol of a tganocgiptioaal coatgol elemeat, 
ia trsnsforaed by a DNA of tho iaveation, which is 
capable of beiag expressed ia cell (C) aad which codas 
for receptor (R) or a aodified functional foga (g) 
thereof; aad (3), fiaally the concentgatioa of hogaone 
(B), or aaalcg thegeofi, ia cell (C) is adjusted so that 
the traascriptioa of geae (G) is aot only iaduced but 
effectively increased and controlled by increasing 
controlling the aaouat of boraone (B) that is available 
to cell (C) froa the culture solution used to bath 
transformed (C) cells. By so increasing and 
controlling gene (G) »s transcgiption, production of 
protein (P) is also increased and controlled. 

As with the induction method, in our 
engineered cell and protein production method, both 
hormone (B) and receptog (R) age present in call (C) . 
Again, as with the induction method, the pgesence of 
receptor (R) , or a fuactional modified form (r) thereof 
is assured by transforming cell (C) with a (R)~ eg 
(g) -coding DNA of the present invention. As stated 
35 above, methods for transforming cultured cells are well 
known and can be used by those skilled in the agt 
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without unduo experi mentation o The presence of (B) 9 or 
its analog (aa) , io aoourod, and tha concentration of 
(H) o& (as) is controlled, by simply bathing 
transformed (C) cello in bathing solutions which 

5 contain appropriate eoaeeatr&ticao ©f (a) or (aB)o 

Appropriate concentration, i o <2 0 ff eeaeentr a ti ens of (B) 
or (aB) needed to for cell (€) to predue© a given 
amount of protein (?) can fas determined in a given 
situation by thos© -skilled in the art* without undue 

*° experimentation* 

Again, as those skilled in the art will 
understand , by transforming cell (C) with a DNA of the 
invention, an adequate supply of (E) or (r) can bo 
assured in cell (C) so that lack of CR) it) will no 

15 longer be a limiting factor in the transcription of 
gone (G) <> This being the ease, by simply increasing 
the amount of (H) or (aB) in the culture solution, it 
will be possible to increase the amount "of protein (P) 
that is produced in (C) cells* 

^° As was truQ with our induction method, the 

engineered cell and protein production method of bur 
invention can be used to control expression of any gene 
(G) that can be inserted into cell (C) so that it is 
under transcriptional control of a transcriptional 
control element activated by binding of a steroid or 
thyroid hormone receptor (R) completed with one of its 
hormones (H) ) , or analogs thereof, as long ass (1) , a 
DNA Is available which codes to receptor (R) , or a 
functional modified form (r) thereof which has the 

30 transcription-activating properties of (R) $ (2), cell 
(C) is a cell that can be cultured? and (J), -the (R)- 
or (r) -coding DNA is capable of being expressed in cell 
(C) where gene (G> is located* 

Again, without undue experimentation, those 

35 skilled in the art can use any off the deposited DNA 1 s 
of the invention as probes to search genomic libraries 
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for (R)- or (g)-coding DHA sequences nofe now available. 
Once found, these DH&'s, if espressible in cell (C) 
where gene (6) is located, can be used in fch® 
engineered protein production method of the present 
invention* 

Also without undue experimentation, those 
skilled in the art can determine what the base level of 
(H) is in cell (C) , if any is present, as well as what 
the concentration of (H) or (aB) must be in order to 
induce and control transcription of gene (G) , and thus 
production of protein (P) . The requisite concentration 
of <H) needed to assure the production of a desired 
amount of protein (P) can be supplied to transformed 
(C) cells by adding (H) or (aH) to the culture 
15 solutions used to bath cultured (C) cells. 

Various aspects of the present invention are 
further explained and exemplified in the seven 
experimental sections which follow. Experimental 
Section I relates to human glucocorticoid receptor. 
20 More specifically, that section discloses the primary 
structure of hGR cDNA, as well its expression into a 
polypeptide which is functionally indistinguishable 
from previously disclosed hGR proteins. Experimental 
Section II relates to functional domains of hGR. As 
25 that section discloses, GR contains at least four 
functional domains, two of which were expected and 
correspond to the predicted DNA- and steroid-binding 
domains, and two of which were not expected, and have 
potent effects on transcription. Experimental Section 
30 Hi relates to thyroid hormone receptor c-££k-A. As 
that section disclose.-, . c-exh-h encodes a thyroid 
hormone receptor we now refer to as hTR alpha. Taken 
in conjunction with our unexpected discovery of a 
second thyroid hormone receptor Experimental 
35 section VII) , the data disclosed about z-&zh. in Section 
III will be extremely useful in gaining further 
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knowledge about thyroid receptor pretoins. Experimental 
Section IV relotGo fe© aesaft ainogaleeogfciceifi receptor, 
which we show has a stsuefeugal and functional 
similarity to glucocorticoid receptor,, Ispogisantal 
5 Section V discloses a now aad unexpected class. eg 
steroid hormone receptors we- refer to as hERRl and 
hBRR2. Thos© goceptoss provide the first evidence for 
the existence of a novel steroid hormone oyotenu In 
conjunction with our disclosure- of a now °cis-trana 1J 
bioaasay system, the new estrogen-related hBRRl and 
hERR2 receptors will provide the basis for development 
of an assay system that will systematically lead to the 
identification of novel hormones. Tho identification 
of such novel By stems is likely to have widespread 
physiologic and clinical aignif ieanceo In Experimental 
Section VI we disclose some of our data relating to the 
sites in a rat thyroid receptor c-^sfe-A oligonucleotide 
which we found were necessary for T3 regulation. Such 
knowledge, taken in conjunction with Experimental III 
and our disclosure in Experimental Section VII of a new 
and unexpected thyroid hormone receptor that is linked 
to human chromosome 17, will be useful in 
characterizing the thyroid receptor proteins. 

Without further elaboration, it is believed 
that one of ordinary skill in the art, can, using the 
preceding description, and the following Experimental 
sections, utilize the present invention to its fullest 
extent,, The material disclosed in the experimental 
sections, unless otherwise indicated, is disclosed for 
illustrative purposes and therefore should not be 
construed as being limitive in any way of the appended 
claims. 
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piftPBHTMEMTAT. SKCTTQH I 
PRIMARY STRUCTURE AND EXPRESSION OP A 
FUNCTIONAL HUMAN GLUCOCORTICOID RECEPTOR CDNA 
5 T * snMMARY 

Bert we report the complete aaino-acid 
sequence of the human glucocorticoid receptor (hCR), 
deduced from husian lymphoid and fibroblast cDNA clones. 
The sequence reveals various structural features of the 
10 receptor, including the major immunogenic domain and a 
cysteine/arginine/lyaiae-rich region which may 
constitute a portion of the DNA-binding domain. We 
describe the use of the SP6 transcription vector system 
to generate analytical amounts of fullrlength protein, 
IS and demonstrate that the cell-free translated protein 
is both immunoreactive and possesses steroid-binding 
properties characteristic of the native glucocorticoid 
receptor. Weinberger, et al., (1985b) describes the 
homology of the hGR sequence to that of the oncogene 
20 v-prh-A. 

The glucocorticoid receptor is widely 
distributed and expressed in many cultured cell lines, 
and the control of gene expression by glucocorticoids, 

25 therefore, has been widely studied as a model for 
transcriptional regulation. A number of 
glucocorticoid-responsive transcription units, 
including mouse mammary tumor virus (MMTV) (Ringold, et 
al., 1975; Parks, et al., 1974), mouse and human 

30 netallothionein (Hager, et al., 1981 ; Karin, et al., 
1980), rat alpha 2 M-globulin (Kurtz, et al., 1977) and 
tat and human growth hormone (Spindler, et al.., 1982; 
Evans, et al., 1982; Robins, et al., 1982) genes have 
been identified. DNA sequences mediating 

35 transcriptional stimulation of several of these genes 
have been localized. For MMTV, these sequences are 
discrete genomic regions upstream of the 
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transcriptional ©feast Bite which appear to exert their 
actions iadepeadeatly ©g ©rioafeatiea and position 
(Chandler, ot alo* 19S3» 0gfeg©wski? ofe alo* 2984) • The 
steroidAoeept©r eespless appears fe© bind t© these 
regulatory sequences and purified recoptor has been 
used t© dofino tho specific binding sites (Govinda, ot 
alo, 1982? Scheideroit, at alo, 13%%$ ?fahl, 2982? 
Payvar, ofe alo, 1983) o Based on tho gootprinting 
analyses ©2 several responsive genes* a consensus SNA 
binding sequence, sharing, feho core sequence 3 8 TGT/CTCT 
3* has been proposed (Karin, ofe alo, 1984)* 

The ability of the glucoeorticoid-responsive 
element {QBE) to alter its position and orientation yet 
still maintain promoter indueibility suggests that it 
resembles the clas® ©f acting regulatory sequences . 
termed enhancers (Chandler, et ale 1983) o First 
discovered in virusos and subsequently in cellular 
genes , these sequences are necessary for efficient 
transcription 4a (Laimonis, et alo , 1982; Benoist, 

et alo, 1981? Baerji, efe alo, 1983) o It has been 
suggested that enhancers are recognized by ££sas-acting 
factors that aediate regulatory egf ects by 
tissue-specific transcriptional control o Although the 
enhancer factors have not been well characterised, the 
glucocorticoid receptor may serve as a paradigm for 
these putative gono activator proteinSo 

Tho availability of radiolabeled high-affinity 
glucocorticoid analogues such as dexamethasone and 
triamcinolone acetonide has led to the development of 
purification strategies resulting in the isolation of 
nearly pure rat and human receptors (Simons, et al«, 
1981? Gehring, et alo, 1983) « Although the receptor 
migrates as a dimer in sucrose gradients, analysis on 
denaturing SDS-polyaerylaraide gels detects a single 
polypeptide of relative molecular mass (M t )~94,000 
(94K) (Westpahl, et al 0 , 1982? Grange, et alo, 1979) • 



EXHIBIT 13 



190 



5 



W0 8P316B "' 6 ~ PCT/US87/02782 

The native pelypeptido contains intrinsic specificity 
for steroid binding and DMA sequence geeogaitiefto By 
using as prebea saonoelenal and polyclonal antibodies 
raised against the pygi2ie<3 get and feuaan gecoptogs 
(Ofeget, ot al., 1981* Heraen, at al., 1984 i Gaaotcau, 
et al., 1984), it has been possible t© identify a aajor 
iaaunoganie gegion in the geceptor residing on 'a 
pegtion of th® aolacule that is distinct grea the 
steroid- and DHA-binding gegions (Carlstedt-Duke, et 
al., 1982? Wgange, ot al., 1984* Dollweg, et al., 
1982) . To gain further inf ograation about the structure 
of this molecule and to begin an analysis of tha 
molecular aeehanisss by which it gegulates gene 
transcription, we set out to clone rsccptor cBNA 
sequences. By using receptor-specific antibcdias as 
pgebes, w© and others have isolated clones containing 
human or gat glucocorticoid reeopteE cDNA inserts 
(Weinberger, et al., 1985a? Hiesfeld, et al., 1984). 

t f. RESULTS 



10 



15 



20 



25 



30 



35 



A library of cDNA clones was constructed in 
the phage expression vector lambda gtll using poly (A) + 
rna from the human lymphoid cell line IM-9 as template, 
as described previously (Weinberger, et al., 1985a). 
This library was initially screened with a rabbit 
polyclonal antiserum to the purified glucocorticoid 
receptor, resulting in the isolation of several 
imaunopositive candidate clones from "2.5 s 10* 
plaques. The beta-galactosidase fusion proteins 
generated from these clones were used to 
affinity-purify receptor epi tope-specif ic antibody, 
which was subsequently recovered and identified by 
binding to protein blots of cellular extracts. -Three 
clones containing inserts expressing antigenic 
determinants of the human glucocorticoid receptor were 
isolated. The inserts of these clones, although of 
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different sisea, cross-hybridized, indicating that they 
contained a common sequence uhich presumably delijaifcs 
the major issunogenic dosain of thq receptor* Together 9 
tbesQ clone© spanned lofi kilobsse pairs (tcbp) but w©r© 

5 clearly not long onough to code for tb© ®ntir© 
receptor, which was estimated to require "2,500 
nucleotides to encode a polypeptide of K t 94K e 

To isolates additional cDKTA clones we again 
screened the original library and also examined a 

10 second library (given by Ho Okayama) prepared with 
poly (A)"** RUA fro© human fibroblasts in the vector 
described by Okayama and Berg (1383) * Osing one of the 
immunopositive cDNA inserts (hGRl.2) as probe , 12 
clones were isolated that, together, covered more than 

15 4.0 kbp. The nucleotide sequences of these clones were 
determined by the procedure of tfaxam and Gilbert (1377} 
according to the strategy indicated in Pig 0 X-1(A)» 
RNA blot analysis indicated that a cDNA insert of .5-7 
kilobases (kb) would be necessary to obtain a 

20 full-length clone and sequence analysis indicated that 
the overlapping clones OB7 and hGRS.lS spanned an open 
reading frame of 7 20 amino acids , not large enough to 
encode the complete receptor. Therefor e, a second 
human fibroblast cDNA library of "2 x 10$ transformants 

25 was screened, yielding a clone (OB10) containing a 

large insert that, extended 150 base pairs (bp) upstream 
of th® putative translation initiation site (see Pig. 
I-l(A))o Sequence analysis predicts two protein forms, 
termed alpha and beta, which diverge at amino acid 727 

3Q and contain additional distinct open reading frames of 
50 and 15 amino acids, respectively, at their carboxy 
termini (see Fig* I«1(B)) 0 The alpha form, represented 
by clone OB7, is the predominant form of glucocorticoid 
receptor because eight cDNA clones isolated from 

35 various libraries contain this sequence. 
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Figures 1-2(1) and 1*2(2) show tbo 4,800- 
nucleotido soquonc® encoding the huaan alpha glucocor- 
ticoid receptor, determined using clones hGRl 0 2, 
hGR5„16, OB7 and OBlOo The translation initiation site 
was assigned to the methionine codon cos responding to 
nucleotides 133-135 because this is the first ATG trip- 
let that appears downstream from the ia-f raa© termina- 
tor TGA (nucleotides 121-123) » However* in tha absence 
of amino- tersiinal peptide sequence information , une- 
quivocal determination of the initiation site is not 
yet possible. The codon specifying the lysine at 
position 777 is followed by the translation termination 
codon TGAo The remainder of the coding sequence is 
15 covered by multiple overlapping clones, with 0B7 
containing a 4«3-lcb insert that continues to the 
poly (A) addition site and OB10 containing the putative 
initiator methionine. The 3' regions of clones OB7 and 
OB10 diverge at nucleotide 2,314, as shown by both 
20 restriction endonuclease and UNA sequence analysis. At 
this junction, the alpha-receptor continues with a 
unique sequence encoding an additional 50 amino acids 
whereas the beta-receptor continues for only 15 
additional amino acids (Fig. 1-3 (B)). The 
25 3' -untranslated region of OB7 is 2,325 nucleotides 

long, while that of OB10 is 1,433 nucleotides*, There 
is no significant homology between these two regions, 
as indicated by direct sequence comparison (Figs* 
1-2(1), 1-2(2) and X-3(B)) or by hybridisation analysis 
30 under stringent conditions (data not shown)* 

In addition, we have isolated from a huma.\ 
primary fibroblast library another cDNA clone, OB12 
(data not shown) , which contains sequences identical to 
OB7 but uses the polyadenylation signal at nucleotide 
35 3,101 (Figso X-l(B) and 1-2(1) and 1-2(2)) r giving rise 
to a shorter 3 '-untranslated region. Use of probes 
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specif ic for the 3 '-untranslated region of 0B7 to 
screen a human placenta cDHA library reveals that most 
clones terminate at the first poly (A) site in 0B7. 
Thus, messenger RKA variation is the apparent conse- 
5 qaence of both alternative polyadenylation and alterna- 
tive SNA splicing (see below). The fact that the human 
fibroblast library contained both cDNA's suggests that 
both receptor forms may be present in the same cell. 
awAr.YS T g np ar.PHA- Attn RKTA-RRrBPTflR PROTEIN 
10 Sequence analysis reveals that the alpha and 

beta forms of the human glucocorticoid receptor are 777 
and 742 residues long, respectively; the two forms are 
identical up to residue 727, after which they diverge. 
To examine the receptor levels la 2lxa, cytoplasmic 
15 extracts from several human and mouse cell lines were 
probed by immunoblot analysis with a polyclonal 
antibody directed against the human glucocorticoid 
receptor (Harmon, 19 B4) . Alpha- and beta-receptor 
cDNA's were inserted into the SP6 transcription vector 
20 to create synthetic mRNA for in vitro translation. (Pig. 
1-4 (A)). The RNA's were separately added to a rabbit 
reticulocyte lysate system and the unlabeled products 
analyzed by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGK). The two RUA's program the synthesis of 
25 distinct translation products whose migration 
differences are consistent with the predicted 
polypeptide lengths of the two forms (Fig. 1-4 (B) , 
lanes 2, 3) . Cytoplasmic extracts from untreated IM-9 
cells and IM-9 cells treated with 1 microK triamcino- 
30 lone acetonide serve as markers (Pig. 1-4 (B) , lanes 
4,5) for the 94K receptor (thfe 79K form represents a 
putative receptor degradation product) (ffrange, et al., 
1984) . Note that after steroid treatment, the intensity 
of the 94K band is reduced, corresponding to tighter 
35 receptor/chromatin binding and, therefore, receptor 
translocation to the nucleus. The alpha form 
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co-migrates with the 941 band of the negative receptor 
while the beta form migrates boss rapidly (see Pig. 
X-4(8), compaee lanes 2,3 with lanes 4,5)c h 
comparison of cytoplasaie estsacts froa various human 
and mouse cell lines reveals tho presence of only the 
alpha-receptor (see Pig. 1-4 (B), lanes 6-9) . 
Interestingly, the mouse ADRS lymphoma cell line 
(Danielsen, et al., 1984) , selected for resistance to 
steroid-induced lysis, contains no steroid-binding 
activity and shows no imaunoreactive receptor (see Fig. 
I-4(B), lane 7). Therefore, based on characterization 
of multiple receptor cDNA clones and receptor protein 
by immunoblot analysis, we conclude that the 
predominant physiological form of the glucocorticoid 
receptor is the alpha (94K) species. 

ETPBRSCTfiW OP hflR TN VITRO 

To provide additional evidence that the cloned 
receptor is functional, we investigated the possibility 
that the in vitro- translated products might be able to 

20 selectively bind corticosteroids. Accordingly, the 
rabbit reticulocyte lysate was incubated with the 
radiolabeled synthetic glucocorticoid analogue 
3H-triamcinolone acetonide (3h-TA) before or after 
addition of ia j£i££fi-synthesized alpha or beta hGR RNA. 

25 As shown in Pig. 1-5, those lysates programmed with 
alpha-hGR RNA acquired selective steroid-binding 
capacity; unexpectedly, the beta-receptor synthesized 
ia yi*ra failed to bind compe table 3 H-TA. The in 
jtLrjya-synthesized alpha-hGR bound radiolabeled steroid 

30 which could be competed with by addition of excess 

unlabeled Cortisol or dexamethasone; however, binding 
of 3B-TA was not effectively competed with by addition 
of excess unlabeled oestrogen or testosterone. In 
contrast, excess progesterone constituted an effective 

35 competitor, consistent with the previously reported 
anti-glucocorticoid activities of progesterone 
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(Rousseau* et alo? 1972) o To confirm these results* 
the competition experiments tferG'rQpQatQd with native 
glucocorticoid receptor prepared from extracts of human 
lymphoid calls o Both the ia ^^s^traaslat®^ receptor 
5 and the natural vlgft receptor have nearly identical 
properties with regard to steroid binding and 
competition with escesa unlabeled steroid analogue (see 
Figo 1-5) o 

<e) KGR geODEXtCBS MAP TO AT rJgAST_^Q_GBN^S 

10 The human glucocorticoid receptor gene has 

been functionally mapped to chromosome So Analysis of 
somatic cell hybrids constructed by fusinig 
receptor-def icient mouse T cells (EL4) with human 
receptor-containing T cells (CE£3-C7) indicated that 

15 segregants expressing the wild-type CEH-C7 receptor 
maintained human chromosome 5. ^hile . 
dexamethasone-resistant segregants had lost this 
chromosome (Gehring, et- al«>, 1985) o 

To confirm the authenticity of our cDNA 

20 clones? we mapped receptor cDNA sequences using Chinese 
hamster/human somatic cell hybrids containing only 
human chromosome 5 (HHtf454) • DNA's extracted from 
human placenta, HHW454 hybrid cells and Chinese hamster 
ovary (CHO) cells were digested with KcaR Z or gi&dXIX 

25 restriction endonucleases and separated on a 0,8Q 
agarose gelo DNA fragments transferred to 
nitrocellulose Here probed with a portion of the 
receptor-coding region derived from nucleotides 
570-1,640 (See hGRl.2 in Fig* I^lt&)) In addition to 

30 CBO-specific £eaRI bands of 608 and 17 kbp, DNA from 

the hybrid cell line also contains human-specific bands 
of 3o0 and 5 o 0 kbp (see Fig- 6a, lanes 2, 3 of 
Hollenberg, et al., 1985). (The study disclosed herein 
as Experimental Section I was published as Hollenberg, 

35 et al», 1985. Figures 6 and 7 appear in the paper but 
not in the present specification*,) Unexpectedly, a DNA 
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fragment of 9.5 kbp is found in &©tal haaaa DNA but not 
in the hybrid liae (see 8©llenbeg§, ofe a2<>* 19IS, Pig. 
5a, lano 1) . Siailorly, Msdm digestion gevealsa a 
7o5 bkp band that is net present in the efcgeaeseae S 
hybrid cell DNA (ooo Hellenbogg, at aloj> 1S8S P Fig. 6a, 
lane 4) . These resulfcg indicate that feae geeopteg eBNA 
maps fe© ausaa ehgeaes§ao §, but &aat those ago 
additional recepteg-g elated oequeneeo elsowhogo in fcha 
genome. To sap those sequences e we used a dual-las®g 
fluorescence-activated cell sogfeeg (FACS) fee segt 
mitotic chromosome suspensions stained with 
DXPI/ehroraoaycin in conjunction with Boechst 33258 
chromomycin; thio fcochnigue allows separation of the 24 
human chromosome types into 22 fractions (Lebo* st al., 
1984) o Aftee the cagemosoaea were sorted directly onto 
nitrocellulose, the chromosomal SNA was denatured and 
hybridized to the hGR cDHA probe. In addition to . 
confirming the chromosome 5 localisation, additional 
sequences were found on chromosome 16 (see Hollenberg f 
et al., 1985, Fig. 6b)-. To confirm this localization, 
DNA's from mouse erythroleukaemia cells and a mouse 
erythroleukaeaia cell line containing human chromosome 
16 (see Bode, et al., 1981) were digested with HindllX 
25 and probed with hGR cDNA (see Hollenberg, et el., 1985, 
Pig. 6c); as predicted, the only DMA fragment found in 
the hybrid and not in the control was the 7.5-kbp DNA 
fragment, thus establishing the chromosome 16 
assignment (see Hollenberg, et al., Fig. «c, lanes 1, 
2). 

Additional Southern blot analyses using the 
££QRX-XfeaI fragments from OB7 and OB10 3 '-untranslated 
regions revealed hybridization only to chromosone 5 
(data not shown) . We conclude that both the alpha- and 
beta-receptor cDNA's are probably encoded by a single 
gene on chromosome 5 and suggest that the two cDNA 
forms are generated by alternative splicing. In 
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addition, oq conclude that another gene residing on 
human ehreaooeao IS eeataias hsaelogy to fcho 
glucocorticoid receptee geae, at least botwooa 

5 aueleefeidGS §78 aad l,§40. Xt is aot eloas waofeaeg 
those ooqeeneos on chromosoiae 16 soprQseafe a related 
steroid receptor feno, a processed gene or pgoudogene, 
or a gene that season a eeasea doaaia with feao geae for 
the glucocorticoid receptor. Geaoaic cloning and OKA 

10 sequencing say provide tae aaswor. 

To deteraine the size of the mRHA encoding the 
glucocorticoid recoptor, Northern blot hybridization 
(Bode, et al.r 1981) experiments were perfotaed using 
cytoplasmic mRN A isolated froa a human fibroblast cell 

15 line, BT108C. Osing the hGR1.2 coding seq'uenco as 
probe, multiple mRNA's of 5.6, Sol and 7.1 kb were 
detected. Treatment of these cells with 
glucocorticoids for 24 h leads to a 2-3-fold reduction 
in receptor mRNA's, suggesting a potential negative 

20 feedback regulation. 

T|| r} n mscnssiOM 
Structural analysis of the glucocorticoid, 
receptor is a prerequisite for gaining insight into the 
aechanisms by which this regulatory molecule exerts its 

25 effects on gene transcription. Here, we have presented 
the primary sequence) of the human glucocorticoid 
receptor deduced from nucleotide sequence analysis of 
cDMA clones. 

Isolation of hGR cDNA's has revealed the 

30 existence of multiple mRNA's encoding at least, two 
forms of the polypeptide. The predicted proteins 
differ at their carboxy termini by the substitution of 
50 amino acids in the ease of alpha- hGR and 15 amino 
acids in the case of beta-hGR. The alpha 

35 glucocorticoid receptor is the major form identified in 
several human cell lines and cDNA libraries. However, 
a recent report by Northrop, et al. (1985) 
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characterizes tvo foras of the receptor in aouse 
lymphoid cella. The relationship of alpha- and 
beta-hGR to the aouse doublet species xenains to be 
established. Also, the cellular distribution ud 
potential function of beta-hGR are unclear, although it 
is possible that variant receptors are used for 
tissue-specific functions. We are now generating 
antisera to synthetic peptides specific for each human 
receptor fora to elucidate their tissue-specific 

10 

expression. 

Among the cDNA's selected using the 
immunopositive phage DNA insert hGRl . 2A as probe were 
those containing 3' ends similar to OB7, except that 
polyadenylation was signaled earlier by the use of an 
15 AATAAA at nucleotide 3,101. These clones have been 
isolated from both huaan fibroblast and placental 
libraries (data not shown). Alternative poly (A) site 
selection is a feature of. many euJcaryotic transcription 
units (Darnell, 1982). In some instances, selection of 
poly (A) sites specifies particular polypeptide products 
(Amara, et al., 1982; Rosenfeld, et al., 1983; Alt, et 
al., 1980 » Schwarzbauer, et al., 1983) while in other 
ca B es, alternative poly (A) site selection produces no 
change in the primary structure of the polypeptide 
(Setzer, et al., 1982) while in other cases, 
alternative poly (A) site selection produces no change 
in the primary structure of the polypeptide (Setzer, et 
al., 1982). The selection of poly (A) sites during 
receptor transcription may (1> alter the stability of 
the mRNA in a particular tissue, (2) lead to splicing 
changes, or (3) be random, with no physiological 
consequence. 

The la <H*ra translation studies described 
here provide direct evidence that the cloned molecule 
35 encodes the complete glucocorticoid receptor. First, 
the In »itro - translated product is identical in size to 
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the native glucocorticoid receptor and is 
immunologically seaetiv© tfith rocoptee-spoeific 
antiserum.. Second, the la sifess-translated protein 
acts functionally as a glucocorticoid receptor in that 

5 it is capable of selectively binding tho synthetic 

glucocorticoid triamcinolone acetonideo Shis binding 
is specifically competed with by glucocorticoids, 
glucocorticoid analogues and progesterone but is not 
competed with by the sex steroids testosterone and 

10 oestrogen o In this respect r the in 2i££a-translated 
receptor behaves identically to this in receptor 
from human lymphoid cells, providing the first evidence 
of a function for the cloned molecule* The acquisition 
of steroid-binding properties does not appear to 

15 require any specific modifications or 9 if it does, 
these modifications can occur in the in XXtXA 
translation mix. 

The results presented here provide the 
information necessary for studying the molecular 

?0 interactions of a eukaryotic transcriptional regulatory 
protein with its target genes- These structural 
studies provide a basis from which the glucocorticoid 
receptor , its gene, and its RKA products can be 
analyzed. Furthermore, the ability to express receptor 

25 in vifcrQ provides a novel means by which the 

consequence of specific in vifacfl mutagenesis can be 
rapidly tested* Finally, the isolation of genes 
responsive to glucocorticoids and specific regulatory 
elements by both mutagenic and protein-binding studies 

30 suggests that this protein can serve as -a very useful 
model for analysis of inducible eukaryotic gene 
regulation. 

T n P. nRTATT.m desc ptpttoct OF FIGDRE&JRB PEERED 
T Q TW EXPE RIMENTAL J5EGTIQSL.7 

35 FTfiWRR T-} fft) and fBl.» 

Human glucocorticoid receptor cDNA sequencing 
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strategy and schematic representation of cONA clones o 
A, the composite cDHA for the alpha glucocorticoid 
receptor is represented at th© top, tfitfa noacoding 
(linos) and coding (stippled portion) sequences 

5 indicatedo Common S-nueleotide restriction ensyme 
sites are shown • Overlapping cDNA inserts used to 
determine the sequence are shown* arrows beneath the 
regions sequenced show the direction and estent of 
sequencing* The dashed line at the 3 1 end of OB10 

10 indicates divergent sequence. Numbers refer to 

nucleotide positions in OB10 relative to the 5' -most 
transcribed sequence. B, cDNA's encoding the alpha and 
beta forms of the receptor (0B7 and OBlO, 
respectively). The 5 f end of OB7 (brofcen lines) is 

15 contributed by the OBlO clone. Protein-coding 

information is represented by wide bars; untranslated 
sequences are indicated by thin bars. Nucleotides and 
amino acids are numbered above and below the coding 
sequence, respectively. Common DNA sequences extend to 

20 nucleotide 2,313 (amino-acid residue 727) , at which 

point the alpha- and beta-receptor forms diverge, with 
the alpha cDNA's (OB12, 0B7) continuing in an open 
reading frame for 150 nucleotides (50 amino acids) and 
the beta cDNA (OBlO) continuing for 45 nucleotides (15 

2S amino acids; see Pig. 1-3 <B>). Hexanucleotide signals 
(AATAAA) just upstream of the poly(A) in the clones are 
indicated, with the first hexanucleotide in 0B7 serving 
as poly (A) in OB12« 
ptctpb T-i rAi and (?) methods 

30 The inserts hGRl.2, hGR2.9 and hGR5.16 were 

isolated from a lambda gtll IM-9 lymphoid cell cDNA 
library as described previously (Weinberger, et al. r 
1985). Two clones were isolated from cDNA libraries 
constructed by H. OJcayama in pcu (Okayama, et al., 

35 1983) using poly(A)+ mRNA from GM637 human fibroblasts 
(OB7) and primary human fibroblasts (OBlO). Screening 
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was performed with th© hGRl 0 2-c£>H&, radiolabeled by 
nick-translation with 32p-dCTP 0 Sequences ware 
determined by the chemical cleavage method of Hasaa and 
Gilbert (1977) » 

cDNA and predicted protein sequene© of human 
glucocorticoid receptor^ The complete alpha coding 
sequence and 0B7 3 '-untranslated region are shown, with 
tho deduced amino acids given above the long open 
i0 reading frame* An upstream in-frame stop codon at 
nucleotides 121-123 and putative additional 
polyadenylatioa signals in 0B7 are underlined o 

FIGURE f and fBl „ 

Restriction sap and nucleotide sequence of the 

15 3* end of the human glucocorticoid receptor beta cDBJAo 
A, The common ^-nucleotide restriction easyme. sites are 
shown for the 3 '-untranslated region of OBlOo B, The 
cDNA sequence of the beta form (OB10) from nucleotide 
2,281 to 3,820 compared with the protein-coding 

20 information found in the 3* -terminal coding portion of 
the alpha form (OB7) . Amino acids encoded by each of 
the cDNA's are presented above the nucleotide 
sequences. Putativ© polyadenylatioa signals (AATAAA) 
in the 3 "-untranslated sequence of OB10 are underlined,, 

25 FTGnaE I_-4 (A) and fBVo 

Xmmunoblot comparison of hGR translated in 
vitro with in vivo hGR from cell extracts . A, The 
vectors constructed for in vitro transcription of the 
hGR cDNA sequence. The complete alpha (pGR107) and 

30 beta (pGR108) coding sequences were placed under the 
transcriptional control of the SPS promoter in pGEMlo 
Vector sequences, noncoding cDNA sequences and coding 
sequences are indicated by thin lines, thick bars and 
boxed regions, respectively. The poly (A) tract of "60 

35 nucleotides is indicated by A pio Divergent coding 
sequences are indicated by striped and stippled 
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regioraso B, Western blot analysis of is x*J^A 
translation products and cqII extracts* Unlabeled 
translation products ©ynthesised in a rabbit 
reticulocyte lysat© systoa with no added &HA (lane 1) 

5 or with RNA synthesized groa pGR108 (beta, lane 2) or 
pGlU.07 (alpha, lane 3) were fractionated on a 7o5a 
SDS-polyacrylaside gel* Additional lanes ag©« 
cytoplasmic extracts from XM-9 (lane 4), XH-9 treated 
with 1 microH triamcinolone acetonide (lane 5), HeLa 

10 (lane 6) , ADR6oK1890oADl mouse lymphoma (lane 7), S49 
mouse lymphoma (lane 8) and EL4 lymphoma (lane 9) o 
Proteins were transferred to nitrocellulose and probed 
with anti-hGR antibody, followed by 125x«i a beled 
staphylococcal augeufi protein A as described previously 

15 (Weinberger, et al», 1985) . 

pTfinBR T-A th) «nd (B) METHOD 

To construct an espression vector containing 
the entire alpha coding sequence shown in FigSo 1-2(1) 
and 1-2(2), the 3' coding sequence of OB7 was fused to 

20 OB10 5 9 coding inf ormation. OB7 was partially digested 
with ££oRX, completely digested with and the 

1.20-kbp fragment was gel-purified and ligated with 
££GRI/£fe&E-digested OB10 to produce the intermediate 
pOB107o The entire pOB!07 cDNA sequence including the 

25 5' poly(G) tract (11 nucleotides, nt) and 3 9 poly (A) 
tract (~60 nt) was excised by partial £s£l/complete 
SasHX digestion* The resultant 3o5-kb fragment was 
gel-purified and inserted between the £s£X and lafflHI 
sites of pGEtfl (Promega Biotec) to yield pGR!07 o 

30 Plasmid pGRl08 was directly constructed from pOBlO by 
partial lafcl/complete BamHI digestion and insertion of 
the resulting cDNA insert into the corresponding sties 
of pGEMlo Capped SP6 transcripts were synthesized from 
£xull-linearised pGRl07 and pGRlOS, as described by 

35 Krieg and Melton (1984), with simultaneous capping 

effected by reduction of the GTP concentration from 400 
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to 100 microH and addition of m?GppG (Pharmacia) to 500 
micron. Transcript* were purified by P60 
chromatography and translated with micrococcal 
5 nucl ease-treated rabbit reticulocyte lysate (Promega 
Biotec) in conditions suggested by the manufacturer. 
Preparation of IM-9 cytosol from steroid-treated cells 
was as described previously (Weinberger, et al. , 1985). 
Size markers are phospborylase B (97R)# bovine serum 
albumin (661) and ovalbumin (4SX) . 

PTftlTPR T-5. 

Steroid-binding of alpha-hGR translated in. 
zitu. Binding to IH-9 cytosol extract (stippled bars) 
and to reticulocyte lysate containing SP6-generated 
alpha-hGR RNA (GR107j open bars) are shown. Bars 
represent bound 3n-triamcinolohe acetonide (TA) 
determined with a 100-fold excess of various steroid 
competitors » 100% competition was determined using 
unlabeled TA as competitor. The values represent the 
mean of triplicate determinations , with, error bars 
showing P<0.05. Steroid competitors are. dexametbasone 
(Dexj, Cortisol (Cort) , progesterone (Prog), 
testosterone (Test) , and oestradiol (Oest) . 

p-rnnPF! T-S METHODS . 

Binding assays were performed in 100 
microliters containing 10 mM Tris-BCl pB 7.4, 100 mM 
NaCl, 1 mM BDTA, 10 mM sodium molybdate, 10 
dithiotb.reitol, 15o' mM 3fl-TA (20 Ci mmol -1 ; Amersham) 
and 10 microliters translation mixture or 100 microgram 
fresh 1M-9 cytosol. Unlabeled steroid competitor (15 
microM) was added as indicated. After 2 h at ooc, 
samples were extracted twice for 5 min. each with 5 
microliter of 50% dextran-coated charcoal to remove 
unbound steroid, and counted. Oncompeted and fully 
competed values for the alpha glucocorticoid receptor 
(GR107) were 490 and 290 c.p.m. , respectively. 
Reticulocyte lysate translation mixtures without added 
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fcsaaaesipfc es pgeggassod with bofca-zecepfeos SPS RHA 
(GR168) eeataiasS a© §©spofeablG 3h»S*A biadiago 

g sho oeioafeAfie sfeody geeseafeed aeso as 

Isposiaoafcal Soefcioa 2 was poblisaed 4a H&feasgo 
31gjS3S=«41 (if Si) 0 ?as gublieafeiea eeafeaia fewo 

Figuroo waiea agQ aefe iaelodod in thio Bsperiaeafcal, 
aecfeioao Shoes gifBSGS a?os PigusQ 5» CaroaoaoaQ 

10 sapping analysis o£ a6R eBHAj JFigueo 7 V Woefchosa blot • 
analysis of hGR cDHA. 
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FUNCTIONAL DOMAINS OP THE 
HOHAN GLUCOCORTICOID RECEPTOR 

Hunan glucocorticoid receptor (hGR) produced 
in CV-1 cells via tranafection o£ an bOR expression 
vector functions aa a necessary and sufficient factor 
for the tranacriptional activation of the MTV-CAT 

10 fusion gene. The magnitude of the induction (500-1000 
fold) reveals that the hGR nay act as a transcriptional 
•awitch-, converting a silent promoter containing a 
glucocorticoid response element to an activated state. 
Stimulation of transcription of the MTV-CAT gene fusion 

15 by hGR is not dependent on transcriptional factors that 
are limiting in CV-1 cells. Characterization of 27 
insertional mutants of the hGR allowed the location of 
at least four functional domains, two of which 
correspond to the predicted DNA- and steroid-binding 

20 domains. The other two domains are ref erred to as tau 
for their potent effects on transcription. This raises 
the possibility that other regions in the receptor are 
necessary for full transcriptional activation but are 
not specifically involved in steroid or DNA binding. 

The primary structure of two classes of 
steroid hormone receptors have been elucidated by 
cloning and sequencing of their cDNA. As Experimental 
Section I discloses, identification of cDNA's. encoding 

30 the human glucocorticoid receptor (hGR) revealed two 
forms of the protein, of 777 (alpha) and 742 (beta) 
amino acids, which differ at their carboxyl termini. 
(The Experimental Section . disclosure has been 
published as eollenberg, et al., "85.) The human 

35 estrogen receptor is a somewhat smaller protein of 595 
amino acids (Greene, et al., 1986; Green, et al., 
19 86) . Amino acid sequence comparisons revealed 
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©xtonsivo regions of homology net only botwoon tho two 
classes of seeepfcog© but also with tho v~$xii°& ©aeogoa® 
product of avian erythroblastosis visus {Efeiabergtar, et 

5 aloe 1985? GgQQ!tG 7 Gt ulc e 1SB$$ Gresa, et alo ? 29IS) o 
This supports tho ouggestioa that steroid roeeptor 
genes and tho e -jajdfr ^A pgete^oneogone aro derivad from a 
common priaordial aaeostral regulatory gene 
(Weinberges, et aio, 19§5)* 

10 On the basis of the aaino acid ooqueaea of hGR 

deduced from thQ cloned cDNA {ooe Experiaeat&l Soctioa 
2) , the locations of functionally and immunologically 
important regions of the protein have been proposed 
(Weinberger, tat aloe 1985) o These include aa 

15 iaraunologieal doaain located in tho ajaino-terminal half 
of the pro tain, a DMA-binding doaain that shows 
.structural siailaritieo with othor D»A°binding 
proteins, and the giueocortieeid-binding site localized 
near the carbosyl terminus of tho aoloculeo However, 

20 the location of each domain is tentativo, and no domain 
involved in the activation of transcription itself has 
been identified* In this study, we sought to confirm 
the proposed sites of the functional domains within the 
hGR and to find other regions of importance by 

25 introducing amino acid alterations in the hGR protein.* 
We first developed a novel expression system in monkey 
kidney cells in which the synthesis of functional hGR 
is directed by the ■ transcription of the cDNA under the 
control of the long terminal repeat (LTR) of the Rous 

30 sarcoaa virus (RSV)o The functions of tho synthesized 
receptor were monitored by the induction of 
transcription of the mouse maamary tumor virus (MTV) 
LTR at measured by chloramphenicol acetyltransf erase 
(CAT) assays (Gorman, et alo, 1982a) and steroid 

35 hormone binding* This new expression system allowed us 
to investigate the effect of insertional mutagenesis on 
the various functions of the receptor, which. led us to 
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propose a aere detailod aodel of the domain structure 
of the h6Ro Oug gQselts, basod oa tfao analyoio of 27 
insertional autatiens, eongira fcho notion that the 

5 glucocorticoid receptor is eoapeeed of discs oto 
functional doaainc {tfeinbargQr , et alo* 1SSS) o Zn 
additioa, they identify additional sequences outside 
the proposed DHA° and steroid-binding domains, which, 
as stated above, we refer to as tau for their potent 

10 effects on transcription. 

7Y n p. ReSPLTS 

f r l jyQfiAY SYSTJgfl W EXPERTMENTM, PBSXfiM 

The assay system and strategy used to study 
the expression of functional hGR from the cleaed eBNA 

15 (See Experimental Section I) is shown in Figure XX~1. 
Xn these experiments, a glucocorticoid-responsive 
promoter/enhancer elosont linked to a reporter gene was 
introduced into a receptor-negative cell. Thus, in 
principle, this construction should be 

20 transcriptionally inactive. For our assay, we chose to 
use the MTV LTR fused to the sequence coding for 
chloramphenicol acetyltransf oraso (CAT) (EC2. 3.1.28) . 
It has been demonstrated previously that glucocorticoid 
hormones stimulate the rate of transcription of MTV DNA 

25 (Ringold, et al., 1977) by increasing the efficiency of 
transcription initiation at a unique site within the 
MTV LTR (Ocker, et al., 1983). Moreover, 
glucocorticoid receptors bind specifically to DNA 
sequences mapped within the HTV LTR (Payvar, et al., 

30 1983) , which can confer glucocorticoid responsiveness 
to a heterologous promoter (Chandler, et al., 1983). 
Cotransfection of pHTVCAT (or pGMCAT) with a receptor 
expression plasmid provides functional receptors that 
allow induction of CAT activity upon treatment of the 

35 transfected cells with glucocorticoid hormone. Xn 
addition, biochemical studies such as steroid binding 
activity and Western blot analysis of the expressed 
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secepters can be por*c*aed simultaneously o 

The esprossioa vector linking the RSV £TR to 
full length hGR eBNA (pRShGR alpha) was deoignod fee 
5 obtain high 1qvg1s> of eaproosion in a wido range of 
host sell feypeso 2ao vseteg pRSaGR alpha is a 
derivative of pRSVCA? (Gorman, et slo* 19S2&)£a which 
the ceding sequence of the CAT goa® SGplaeGd by eha 
hGR cDH&o The origin of replication ©2 was 
iatr educed into thai vector to allow the recombinant 
plasmid to propagate to high copy, numbers in COS-1 
(referred to as COS) monkey kidney cells that express T 
antigen (Tag) (Glusman, 1981) . COS cells and parental 
cell line CV-1 offer th® additional advantage of having 
undetectable levels of ' glucocorticoid eocoptors 
(unpublished observation and Piguroo end XX-3). 
W gyp^ess TOH OP PIffiffl TnrW, hGR 

The above assay was designed to ovorcoa® some 
of the major difficulties encountered in studying the 
mechanisms of action of steroid hormone receptors. 
These difficulties include low intracellular levels of 
receptor, possible heterogeneity of receptors, and lack 
of a quantifiable bioassay system to test receptor 
functions. Accordingly, we first looked at the 
relative amount of hGR that could be made by COS cells 
transfected with pRShGR alpha. Figure XX-2 (right 
lane) , a Western blot analysis of transfected COS 
cells, demonstrates that COS cells synthesized an hGR 
polypeptide of 94 kd that is indistinguishable with 
respect to mobility from the hGR present in the XH9 
cell line (left lane) . Moreover, the amount of hGR 
present in transiently transfected COS cells is greater 
than the level found in XH9 cells, which crntaia 
between 100,000-200,000 receptors per cell (Harmon, et 
al., 1984). This expression system not only provides 
us with cells carrying high intracellular levels of 
hGR, but eliminates the possibility of receptor 
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aicroheterogeneity, which could interfere 4a the 
functional study of hGB. 

To tost the functional capability ©2 the 
5 ospgesssd hGR as o positive transcriptional factor , we 
perferaed CAT asoayo with coll ostracts obtained after 
• cotransfection with pHTVCAT and pRShGR alpha. 

Tr'ansfection into both COS and the parental CV-1 sella 
was osamined. ho ospeeted (Alwine, 1885) , tho presence 
10 of SV40 Tag in COS cells increased basal activity of 
the MTV LTR (data not shown), Thus, CV-1 cells, which 
do noe express the SV40 Tag, were used to achieve 
aaximal induction. As shown in Figure XI -3, 
cotransfection of pMTVCAS with a control plasaid does 
15 not generate CAT activity in CV-1 cells. Similarly, 
cotransfection of pHTVCAS and pRShGR alpha doos not 
produce any CAT activity. However, treataent of the 
same cotransf ected CV-1 cells with dexaaethaaone (DEX) 
turns on the transcription of the BTV-CAT fusion gena. 
20 The induction factor is very large (approximately 
500-1000 fold) since basal levels of CAT activity 
produced by pHTVCAT are barely detectible (often zero) 
in CV-1 cells. As a control experiment, we 
cotransfected the beta form of the hGR (see 
25 Experimental Section I), which was shown to be unable 
to bind steroids. (see Table XI-1) . Figure II-3 
demonstrates that hGR beta is not functional in our 
expression assay. . The activation of transcription by 
hGR is also restricted to promoters containing a 
30 glucocorticoid-responsive element. When pMTVCAT was 
substituted for pfJTIaCAT, a plasmid containing the 
regulatory region of the human aetallothionein la gene, 
which is responsive ';o heavy metals but not to 
glucocorticoids, no induction of CAT activity was 
observed after hormonal treatment of the transf ected 
CV-1 (data not shown). These results demonstrate that 
in cells the hGR acts as a necessary and sufficient 
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factor that functions aa a steroid-dependent 
transcriptional switch. 

Based on this assay, the activation of the 
receptor by steroids could be examined. ." As shown in 

5 Figure 11*4 (A) , DEX exhibits an ED50 value of 3 nK on 
hGR-induced CAT activity, which is in agreement with 
ED 50 values observed for DEX (5 nM) in a variety of 
psychological actions. Specificity of hGR action was 
further tested by treating cotransf ected CV-1 cells 

10 with 100 nM testosterone, oestradiol, and progesterone. 
These steroids failed to induce CAT activity with the 
exception of progesterone, which stimulated hGR 
function at a value of 1% of the maximal induction 
produced by DEX (data not shown) • These results 

15 indicate that transfected CV-1 cells synthesize 

functional hGR that interacts with pharmacological 
ligands with the specificity and concentrations of the 
natural receptor. 

Studies. on specific interaction between 

20 enhancer-containing molecules and cellular components 
have shown that CV-1 cells contain limiting amounts of 
cellular factors required for the function of certain 
. viral enhancers (Scholer and Gruss, 1984) . In those 
cells, CAT activity generated by transfected pSV2CAT 

25 (Gorman, et al. r 1982a) reaches a plateau at 0.3 pmol 
of plasmid per dish. Similarly, if the hGR interacts 
with limiting factors, we should be able to saturate 
the CAT activity induced by transfection of increasing 
amounts of pRShGR alpha with a constant quantity of 

30 pMTVCAT. rn this experiment, 2 pmol (5 micrograms) of 
pMTVCAT DNA was used and increasing amounts of pRShGR 
alpha DNA were added, together with nonspecific carrier 
DNA, to yield a total of 30 micrograms per dish. Figure 
II-4(B) demonstrates that CAT activity could be 

35 detected when as little as 0.03 pmol (100 ng) of pRShGR 
alpha per dish was transfected .and that no plateau in 
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CAT activity was roachQdo Theso data suggest that 
stiaulatioa ©f tzeascsipfeiea ©£ the HW°C^T f usiea gene 
by hGR io not doponfiGnt on transcriptional faetoro that 
aeo liaiting in CV-1 cello » 

Onderstanding the sechaniaaa by vhieh hGR 
regulates gen© transcription first required thQ 
characterisation ef it® functional doaainGo Based en 
limited proteolysis studies of tho glueocerfeieoid 
reeeptor (Carlsdedt-BuKe? 1982? Doling, ©t alo, 1982? 
Wrange, et alo, 1984? Reiefaaaa, ot al«, 1984) and on 
th© analysis of the primary structure of the hGR (sea 
Experiaental Section I) , a model for th© strueturo of 
the receptor has been proposed (tfeinberger, ot slop 
1985) o This aodel identifies throe aajor deaains « an 
immunological domain spanning frea amino acid 155 to 
230, a DNA-binding doaain extending from amino acids 
421 to 481* and a steroid-binding domain. located near 
the carboxyl terminus of the protein. To test this 
model, we generated 27 site-specific insertional 
mutations in the glucocorticoid rocsptor coding 
sequence via a linker-scanning appr©aeh. These 
genetically engineered mutants were then assayed for 
their ability to stimulate gene transcription and to 
bind steroid hormone. 

To generate linker-insertion mutants of the 
hGR, the plasmid pRShGR alpha was first linearised by 
partial cleavage using a restriction enzyme that 
cleaves DN& molecules with high frequency* The linear 
form of the plasmid was isolated and a SamHl linker was 
added to restore the open reading frame encoding the 
hGR. The resulting mutants carry three or four 
additional amino acids, which disrupt the wild-type 
sequence of the protein. Using this technique, we have 
generated a random series of hGR mutants (Figure Xl-5)o 
The ability of these mutants to express full-length hGR 
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was estiaatod by Wastoen blot nnalyoiSo The ©aouats of 
hGR predoeed war© showa a©t to vary by aege' feaaa 305, 
sad thus aeftQ ©£ fefco sstaats appoar to destabilize the 

5 expressed gs©fee£a 0 

The faactieaal properties ©£ each aataat age 
coapared with that ©£ the wild-feypQ aGH ia Table 2S-1. 
CAT activity induced by 12 out of 27 aGR autaats was 
coaparable with wild-type, level « Analyoio' ef tho 15 

10 h6R autaats having a diaiaished os a eoaplete loss of 
functioa, as assayed by induction of CAT activity, 
shows that they belong to four separate groups. A 
cluster of these autaats located between aaino acids 
120 and 215 ia the se-eallod iaauaogenic doaaia for as 

15 the first group. Although ao ©pacific f uaction has 
been assigned fee thio region of tho recoptog aoloeule, 
three mutants (X120, 1204, and 1214) show decreased 
capacity to induce CAT activity. Those autaats 
retained their full ability to bind steroids. 

20 Perhaps not surprisingly, tho second group of 

defective autants is found in the putaive BNA-binding 
domain of the eeceptor. This domain is cysteine-rich 
and consists of two repeat units of about 25 aaino 
acids each, which could fold into a loop structure 

25 coordinated by a Za 2+ ligand (Hiller, et al., 1985). In 
mutant 1422, the sequence aotif Cys-Xa-Cys is changed 
to Cys-Xs-Cyso Tho presence of the additional aaino 
acids completely abolishes receptor function. Mutant 
1440 bears a siailar insertion of four aaino acids 

30 between the two other cysteines involved in the 

formation of the first loop and also fails to induce 
any detectable level of CAT activity. On the other 
hand, mutant 1428 extends the len^.f of the loop 
itself, from 13 to 17 amino acids. Although severely 

35 diainished, induction of CAT activity by 1428 is still 
measurable. Steroid-binding capacity of all three 
mutants located in the DNA-binding domain was shown to 
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bo in the range of wild-typo loveio She third region 
affected by the sutatieas io located nest to the 
DNA-bindiag domaiao Hataats UBB an& USQ show low 
levels of activity bat bind steroid efficiently o 
?he fourth group covers the last 200 asia© acid© of the 
receptor preteia* Fivo ©utaats (X382, X58S, XS98, 
1626? and XS96) show undetectable levoio of CAS 
activity** Shis lack of functional activity is 
correlated with their total incapacity to bind 
dejtaraethasoneo These results show that the 
steroid-binding region encoapassos a large portion of 
the protein, all clustered near the £ terminuso In 
contrast to the amino terminus of the molecule, this 
region is extremely sensitive to changes in tho primary 
atructuro of the receptor o 

yinnMnn* 1 pr^rti^ nf hGR Mutaflta 
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CV-1 os COS cells were transfected with pRShGR alphas 
pRShGR beta, or a mutated hGR alpha and assayed fog CAT 
activity and steroid-binding capacity o Aftor 
transaction, CV-1 cells were culture for 2 days in 
the presence of 10 nH DEX before cell lysis and CAT 
assay? COS cells were maintained in normal mediae The 
two parameters are quantified as percentage (5) of 
wild-type hGR activity. Amino acids inserted in hGR 
alpha are given in the one-letter code* NT means not 
tested* Differences in amino acid composition between 
hGR alpha and hGR beta are represented in Figure XX-5 
and in Experimental Section L 

we have shown that hGR produced in CV-1 cells 
via transaction of an hGR expression vector functions 
as a necessary and sufficient factor for the 
transcriptional activation of the MTR-CAT fusion gene. 
The magnitude of the induction reveals the hGR may act 
as a transcriptional ° switch 0 , which can convert a 
silent promoter containing a glucocorticoid response 
element to an activated state.. Unlike other 
transcriptional factors that are constitutively active, 
stimulation of* transcription by hGR is totally 
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dependent upon the presence of glucocorticoid hormones 
(Pigurea I 1-3 and II-4(A)). The production of an 
excessive quantity of the protein within a cell is not 
sufficient to induce transcription of a regulated gene. 
5 The mechanism by which hGft is activated by the hormone 
is poorly understood but, in analogy with the cyclic 
AMP-binding protein, is iikely to involve alios teric 
transitions within the protein (McKay and Steitz, 1981; 
Gages and Adhya, 1985) . 
10 we have observed that activation of 

transcription by hGR is not restricted by factors 
present in limiting quantity in CV-1 cells (Figure 
II-4(B)). These results suggest that the binding of 
hGR-steroid complex to a glucocorticoid-responaive 
15 enhancer is sufficient to increase the activity of 
general transcriptional factors at nearby promoters. 
Similar properties for several other transcriptional 
factors have been reported. For example, Adfl, a 
transcription factor that activates the proximal 
promoter of the alcohol dehydrogenase (Adh) gene in 12*. 
melanosaatex, binds the Adh template DMA in the absence 
of other protein factors and requires only endogenous 
RNA polymerase Ii and a fraction containing another 
general transcription factor to activate initiation of 
25 Adh RNA synthesis (Heberlein, et al., 1985). In a 
different type of experiment using the recombinant 
plasmid pSV2CAT, which contains SV40 enhancer/promoter 
elements, Scholer and Gruss (1984) have shown a 
requirement of a cellular molecule (s) for the function 
of enhancer -containing DNA. Their experiments 
indicated the presence of a limited amount of cellular 
factor (s) required for the activation of the CAT gene 
by the SV40 enhancer element. However, no exhaustion 
of general transcriptional factors was observed. These 
data suggest that the mechanism of action of specific 
positive transcriptional factors is likely to involve 
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allocations in chsosatin structure induced by the 
factor itself that would faeilitafco tho activity of 
general transcription factor a or the polyracsrase itself 
5 (Horeau, ot al 0 * 1881* CTaoylyfe? ot al. r 1S83) 0 It has 
been previously shown that glucocorticoid feroatsent 
causes both rovsrsiblo and ptaroisteat ehangeo in 
chromatin structuro in. DHA regions coataiaing a segmeat 
of the MTV LTB (Zar®fc and Yaaamoto, 1984) a The 
10 mechanism by which bound receptors protentiafee promoter 
activity reaains to bo completely elucidated,. However, 
the availability of a system that overexpresses hCR 
will facilitate the future studies oh the molecular 
basis of transcription activation by positivo 
15 transcriptional factors,, 

The results of the characterisation of the 27 
insertional mutants supports and extends our previous 
suggestion that the human glucocorticoid receptor is 
composed of a series of functional domainso It is 
noteworthy that all mutants that affect steroid binding 
are clustered at the earboxyl terainusc la addition to 
suggesting that this region functions as a "discrete 
domain encoding hormone specif icity, the results imply 
the possibility that the other domains identified 
25 within the receptor may serve discrete functions- 

Accordingly, the ability of the receptor to recognize 
and to interact with specific DNA sequences appears to 
reside in the Cys-Lys-Arg-rich region, which is highly 
conserved with. the estrogen receptor and the oncogene 
30 product v It seems logical that mutations in 
these regions would diminish the aBility of the 
receptor molecule to activate transcription since 
activation depends on both the ability of the ligand to 
induce an allosteric transformation and th® ability of 
35 the transformed molecule to recognize and interact with 
the DNAo Based on the initial model of steroid 
receptor structure (Weinberger, et al., 1985), these 
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were espeefeed ©uteomos of a mutagenic characterization* 
The unexpected outcome? however, is the identif icstion 
of fit least two other rogions influoneing 
transcriptional activity* This raises the intriguing 
possibility that other domains aro present in the 
receptor that are necessary for transcriptional 
activation but &r@ not specifically involved in either 
steroid or DMA binding 0 Mutants 2120, 2204, and 1214 
bind steroid with wild- typo affinity but have 
diminished transcriptional activity o These mutants 
clearly demonstrate that this domain, which tie refer to 
as tau£, is functionally important and required to 
obtain complete activity of the hGIU Interestingly* 
nonfunctional truncated mutants (i<,e 0 , 40 Ecd) found in 
several linos of glucocortieoid-resistant cells are 
retained in nuclei more efficiently than the wild-type 
receptor, but fail to activate transcription (Yaaamoto, 
et elor 1S7S? Andreason and Gehring, 1981; Westphal, at 
al. r 1984) o The receptor fragment missing in these 
increased nuclear transfer 0 (nti) mutants is evidently 
the amino terminus of the protein since tboy retain 
hormone-binding capacity. We note that taui, coincides 
with the major immunogenic domain of the hGR 
(Weinberger/ et al , , 1985) , indicating that it is 
probably on the external surface of the molecule. 
Speculations on how this domain can fulfill its 
functions include self-interaction leading to receptor 
dimerization, possible interactions with general 
transcriptional factors such as RNA polymerase Zl, 
and/or modulation of DNA binding by exerting allosteric 
influence over the remainder of the activated receptor 
(Dellweg, et aio, 1982) „ Tauj is englobed by the amino 
terminus of the receptor, a region which is not held in 
common with the smaller estrogen receptor.. Perhaps the 
estrogen receptor gains the equivalent function of this 
domain by interacting with a second protein, or* 



EXHIBIT 13 



221 



-77- 

WO PCT/US87/02782 

alternatively* tauj say 'interact with othor rosiduos 
within tho gleeoeestieoid eoeeptor itself r as opposed 
to interacting w'L&h ottos regulatory aoiaculoco Tho 

5 other tau region {whiek wo sagas to 08 tau2) that - 

affects transeriptioaal aetivatioa is a segioa that is * 
groseat ia the estrogon rQCoptor and feho v-££k«& 
oneogsnoo Its location also suggests that* it may act 
as a °hiago° rag ion linking .tho storoid° and 

10 DNA-binding domains*/ Thus* these mutaats could block 
the allosteric transformation necessary for receptor 
activation 0 

A. third region affected by amino acid 
insertions is located in the putative DNA-binding 

15 domain described by Weinbergers at al« (1985) This 
doaain is composed of two repeated units coat&ining a 
Cys-Lys-Arg-rich sequence and is the most intensively 
conserved when compared with the v-££&-& oncogen© and 
the estrogen receptor (Weinberger, Qt alo, 1985? Green, 

20 et al., 1985? Greene, et alo, 1985) o These repeated 
units were first observed in the factor TF-XIXa 
(Miller, et alo, 1985) and have since been found by 
sequence homology searches in a number of -other nucleic 
acid-binding proteins (Berg, 1986) . Based on 

25 experimental and theoretical studies of the factor 
TFIIIa, Miller and colleagues (1985) proposed a novel 
mechanism by which proteins bind DMA molecules* In 
their model, each unit is folded into a "fingered 0 
structure centered on a zinc ion* A finger could bind . 

30 to a half«turn of DNAo Hutants 1422 and 1440 carry an 
amino acid insertion that disrupts the motif Cys-X 2 -Cys 
central to the finger model. These mutants are totally 
inactive with respect to transcriptional activation but 
retain their ability to bind glucocorticoid hormone- 

35 Preliminary experiments revealed that these mutants 
also fail to translocate to the nucleus after hormone 
treatment and to bind DNA in vxteA (So Hollenberg, 
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15 



unpublished observatioas) . Those mutated receptors 
demonstrate the functional iapertance of feas ginger 
motifs prosent 4a hGR. She third autant located ia 
this region, 1428, has the finger eat®nd@d by the 
addition of four asiao acids. Transcriptional activity 
of 1428 is greatly ispaired (20 of wild-typo level), 
but is still detectablo. Thus, the loops are 
apparently sore toleraat ©f change than the 
zinc-binding motif. The demonstration that finger-like 
domains or© functionally iaportant in hGR leads us to 
propose that steroid hormone receptors are 
oetallo-proteins, which may have evolved from a 
primordial ancestral DHA-binding protein. 

Together, these data suggest that the receptor 
is composed of a melange of regulatory domains, which 
may have been pirated over evolutionary time to 
condense into the primordial steroid hormone eeceptor, 
which in turn gave rise to the large family of hormone 
response genes present in the mammalian genome. The 
transcriptional activity of this molecule demonstrates 
its potential ability to act as a genetic switch, which 
is consistent with the role of steroid hormones in 
activating a variety of developmental lineages and 
homeostatic functions. The design of the mutations 
allows for the convenient generation of any desired set 
of small or large deletional mutants and the ability to 
switch domains between related molecules to study 
function. In conjunction with the rapid and 
30 quantitative functional assays described in this 
section, it is now possible to direct specific 
questions as to the functional nature of the tau, DNA-, 
and steroid-binding domains. 
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TT. PgTA TT.Pn PBfiCTTPTTOM OP FIGURES 
PPPPPPPP T fl TM FYPEPTMPttTAL SECTION II 

PTfiTlBE TT-1. 

5 firgFMATTC REPPESPW TATTON OP TWP hGR gnWCTTOWAL ASSAY 

In this assay, an expression vector containing 
the bGR alpha cDNA or a mutant, derived from It is 
cotransfected into CV-1 or COS cells with a plasmid 
carrying the CAT gene under the control of the MTV LTR. 

10 The cells are then cultured in the presence or absence 
of hormone. CV-1 cells were used to monitor induction 
of CAT activity, and COS cells were used to measure 
steroid-binding capacity and the expression of hGR 
protein* 

15 FTfiTTRR TI-2» 

PYWttgfiTOW OP hKR PROTEIN 

COS cells were mock-transf ected (center lane) 
or transf ected with plasmid pRShGR alpha, (right lane) 
and analyzed 2 days later for the presence of hGR 
20 protein. Crude cytoplasmic extracts were resolved by 
SDS-FACE and analyzed by Western blot. Cytoplasmic 
extract from IM9 cells was loaded on the same gel for 
comparison (left lane). 

25 Thinner ton nP tat ^fTTVTTV by hGR 

Subconfluent CV-1 cells were cotransfected 
with either pRSVgal (control) , pRShGR alpha/ or pRShGR 
beta and the reporter plasmid pMTVCAT and cultured for 
2 days in the presence (+) or absence (-) of 10 nM 

30 dexamethasone. CAT assays were performed as indicated 
in Experimental Procedures (ma Section II. F.). C f 

chloramphenicol; AC, S-aCetylChlOrampheniCOl.- 
fTCnRE TT— A . 

pngP-RF.qpnNSK TO PPX »>Jn TTTPATTOK OP pRfihCft A1.PHA 

35 (A) CV-1 cells cotransfected with pRShGR alpha 

and pMTVCAT (10 micrograms each plasmid) were cultured 
in the presence of increasing concentrations of 
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dexamothasenso The' apparent SD^g value fog D8JC was 3 
nH. The levels ©£ CAT aetivifcy wee© ple£fee<3 as 
percentages e£ tB@ aasioal xGsponso observed! ia a 

5 particular esperisenfe. B© CAS oefeivifey was detected in 
tao absence of 0£X. 

(B) Titrstioao Xaeseasinf aaeunts of pRShGR 
alpha wore coteansf ected into oabeeafluent CV=1 cells 
with a constant amount of pHTVCAf (5 sieregraes) . The 

20 plasnid pBR322 was used as carrier BHA to yield a total 
of 30 micrograms DMA por plato. Cells were cultured 
for 2 days in the presence of 10 nM BIX and CAT 
activity was measured and plotted as in (A) <> 
pTfSMRE ii-l,. 

15 T^f-aTTOM OP FnNCT?QMST. nnMftTNS tw hfiR 

The hGR is ochematieally roprossnted with 
putative domains involved in transcription activation , 
taui, and tau2r indicated by hatched areas. The 
DHA-binding domain is represented by a stippled bos; 

20 the steroid-binding domain, by a dotted bos. The 

positions of BaaHI linker insertions are indicated by 
triangles and circles. The numbers refer to the amino 
acid position (sse Experimental Section X) after which 
the insertion occurs. Open symbols represent mutants 

25 capable of inducing hormone-dependent transcriptional 
activity at wild-type levels, as measured by CAT 
activity, and closed symbols indicate greatly 
diminished or abolished function. The bar indicates 
the location of the divergent amino acids present in 

30 hGR beta, which is not functional. 

tt c gypERT MPMT&L PROCEDURES 

f p l mT.TORE COHOITXQKUS 

CV-1 and COS-1 cells were grown at 37°Cin 
Dul.becco's modified Eagle's medium supplemented with 5ft. 
35 (v/v) fetal calf serum, 400 microg/ml ampicillin, and 
100 microg/ml streptomycin. Cells were passed every 3 
days and never allowed to reach confluency in order to 
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obtain good- tzansfection efficiency. . All fcrensfected 
cultures woeo saintainod at 37°C with COg. 
W pgcoMnr^aw? w.afiMYPg. .... 

.Slassifi pRShGR alpha and pRShGR beta, which 
direct the synthaoio ©£ fchs two feess of hGR ia CV-i 
and COS colls? wqeo constructed frea ".three" DBA 
fragments,, She first fragment is derived Ssoa. pRSVCAT 
(Gorman, et alo? 1582b) and contains the RSV £SR, 
pBR322 sequences , aad SV40 pelyadenylation sitG. To 
obtain this fragment, pRSVCAT was cut with Si&dm and 
the ends repaired by treatseat with the Klenow fragment 
of DNA polymerase 1. Ksnl linkers were added to these 
ends by standard procedures (Baaiatis, et si., 1982), 
and. the plasmid was subsequently cut with Igal, which 
removed the CAT eoding sequence. The second fragment 
contains the coding sequence of either hGR alpha or hGR 
beta. Plasmids pOBll3 and pOBll? (S.M. Hollenberg, 
unpublished results), which contain the entiro coding 
sequences of the alpha and beta form of hGR, 
respectively, were cut with SasHI.- The* ends were 
repaired with Klenow, end the plasmids were cut with 
£gal. Ligation of the first and second fragments 
created plasmid pRhGR alpha and pRhGR beta. The - third 
fragment to be. added consists of a £zuIl-UindIII 
fragment containing the SV40 ORI obtained from the 
plasmid pSV2CAT (Gorman, et'al., 1982a). The ends of 
this fragment were repaired by treatment with Kl enow, 
and E&eJ linkers were added to them. This DNA 
fragment, containing the SV40 ORI, was then introduced 
into the single M&Z site present in pRhGR alpha and 
pRhGR beta. • Finally, , the single BiiHI sitr present in 
these plasmids was destroyed and replaced with a XJifll 
site by insertion of a synthetic adaptor. The 
resulting plasmids are pRShGR alpha and pRShGR beta. 
Plasmids pHTVCAT and pHTIaCAT were gifts from- S» Gould. 
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Insertion of aaine aeido dissupting tho 
wild-type sequcnco of aGSt alpha was perforoed by ta® 

5 following aofcaodo Full°langth liaoar pRSaGR alpha DMA 
was generated by partial digestion with restriction 
Qftgymes MJ&r Bs&lr aad SsfeHSo la the case of DNA cut 
by la£N2, the ends wer© fiest sspairod with Klenow« The 
DMA molecules were then fractions tod by agarose gel 

10 electrophoresis, and the linear fogs Qf the plasaid was 
extracted. MaHI linkers of 8- or 12-aes were added to 
restore the original reading fgaae of the hGR aaiao 
acid sequence. Plasmids carrying a single 1&B.BI link eg 
in the coding region of hGR were sequenced (Haxam and 

15 Gilbert* 1980) to confira the position of the linker 
and the integrity of the hGR mutants. 

The recombinant DNA constructs were introduced 
into CV=1 cells by calciua phosphate eopreeipitation 

20 (Wigler, ot al., 1979) or into COS cells by 

DEAE-dextran (Deans, et al., 1984). Each plasmid 
preparation used for transfection was purified using 
two consecutive CsCl-EtBr equilibrium gradient*. After 
transfection with the CAT gene constructs, CV-1 cells 

25 were prepared for CAT assay as described by Gorman, et 
al. (1982a). The assays were performed with one third 
of the total cellular extract and an incubation time of 
6 nr. 

f r ) MRfiTRRN BLOT AN ALT 515 

Crude extracts from COS cells were prepared by 
lysis with a buffer containing 10 rafl Tris-CHl (pH 7.5), 
100 aH NaCl, 1 mM EDTA, 0.5& Triton X-100. Equal 
amounts of protein (100 micrograms) were resolved by 
7.59 polyacrylamide gel electrophoresis, transferred to 
a nitrocellulose filter, and probed with anti-hGR 
antibody GR884 (Harmon, et al., 1984), followed by 
laSj-iabeied fifrihyiBeoccm aniens protein A. Filters 
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woro air fisied and exposed to fila<> She astound of • 
receptor was quantitated by scanning the 
.autogadioggaghSo 

COS eell© wer.6 lysad in hypotonic begfeg 
. containing 18 aft Sris-SCl (pB 7oS), 20 aM HaCl, 1 a aH 
EDSA, 5 aieg©ggaas/al aatipaia, 5- aiesoggaso/al 
leupsptin* and OoS mH ?MSP by Bounce heaegonisation and 

10 centrifuged 10 ain 0 at 15,000 s g to yield thQ 

cytosolic fraction,. Incubations yer© perforsed ia 
hypotonic buffos adjusted to 100 mM HaCl and contained 
100 micrograms of protein from the cytosolic fraction 
and 2 x iO~8[3HlD£X (Aaarshaa, 35 Ci/amol) in total 

15 volume of 200 microliters* Nonspecific binding was 
measured by the addition of 2 x 10~$ unlabeled DBS 0 
Reactions were carried out at 0°C fog 2 hr<>, followed 
by a S ain & incubation with 20 microliters of 50% 
dextran-coated charcoal (10s! activated 

2o charcoal sdextran) and centrifugation at 15,000 s g for 
2 sin* at 3°Co Supernatants were counted by liquid 
scintillation methods in a Beekaaa LS-7800 liquid 
scintillation spectrophotometer o Each assay usually 
gave 2500-3000 cpa l^B] labeled steroid? unlabeled D£X 

25 competed for 70% of this binding* 
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TBS C-ZXX-A G®$E ENCODES A 
THXaOia HOBHOHi JtSCSSSOB 

5 riJL^^B^^ 

The human glucocorticoid receptor (hGE) 
complementary DMA has been oogueaeed . (&££ Heiabergeg, 
et alo* If 83b and Experimental Section X) and shewn to 
be fuaetieaally active [bbm Sxporise&t&l Section II) o 

10 Interestingly* ooquenc® analysis of. the receptor showed 
it to be related to the product of the v-££h°& oncogene 
product of avian erythroblastosis virus (AEV) {zjzr 
Weinberger, et alo, 1985) 0 This led .to the proposal 
that the steroid receptors and the ssxh^ A oncogene 

15 products share a common primordial archetype and that 
tho gxb~A proto-oncegene products say also bo proteins 
that bind to BNA enhancer elements □ Recent 
cbaracttsrization of the human oestrogen (Green, ©t alo, 
1986 and Greene, et alo; 1986)/ chicken progesterone 

20 (Jeltsch, ot al«, 1986 and Conneely, et alo, 1986) and. 
. human aldosterone (Jo Arriza, CoW* and Ro&oSo , 
unpublished data) receptors further support these 
conclusions* 

Accordingly, we started characterizing the 

25 human c-££&-& proto-oncogene even though its functional 
identification could not be ensuredo During the 
progress of these studies, advances were made in . 
detailing the functional domains of the glucocorticoid 
receptor (See Experimental Section IX) which indicated 

30 that the hQR hormone binding domain was unusually 
large , encompassing the car boxy- terminal 300 amino 
acids* This entire region has distant but significant 
similarity to the carboxy terminus of v-R£fe-A which 
therefore focused our attention on classes of molecules 

35 that might exert transcriptional regulatory effects 
similar to those of steroid hormoneso 

The molecular mechanism of thyroid hormone 
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stimulation of gene expression seems to be similar to 
that outlined foe otoroido (igg Bborhardt, ofe al., 
1980) o Thyroid hormone is present in all ehordate 

S species esaained sad oxerts profound offeees en 

aevelopaent and diff erontiation, such as sefcaserphoais 
in amphibians Iborbardt, ot al., 1980) . Like 

steroids „ thyroid hormones say cater cells by passive 
diffusion and bind to high affinity nuclear receptors 

10 which in turn mediate a rapid and selective activation 
of gene expression (Tata, et al.p 1966 and Oppenheimer, 
et al., 1972). Evidence favoring this hypothesis has 
come largely from studies of the induction of growth 
hormone and its messenger RNA in the somatotroph of the 

15 rat anterior pituitary and in a ausbeg ©2 related rat 
somatotropic cell lines (Samuels, et alo, 1973 and 
Tsai, et al„, 1974). Thyroid hormones rapidly increase 
the transcription of the growth hormone gene in these 
cells (Martial, et al., 1977 and Evans, et al., 1982). 

20 Th« increase in transcription is accompanied by 

increased levels of nuclear thyroid hormone-receptor 
complexes, is time- and concentration-dependent, and is 
independent of protein synthesis (figs Samuels, et al., 
1976; Spindler, et al., 1982; and Yaffe, et al., 1984). 

25 The similarity of steroid and thyroid hormone 

actions led us to examine the possibility that the 
orh-ft protein may itself be the thyroid hormone 
receptor. We first isolated and characterized a cDNA 
for human c-&£h-h° The sequence predicts a 456 amino 

30 acid polypeptide containing a cysteine/lysine/ 
arginine-rich region similar to the putative 
DNA-binding domain of steroid hormone receptors and a 
carboxy-terminal region distantly related to the 
steroid binding domain. Using the functional assay 

35 developed for analyzing the hormone binding properties 
of cloned steroid receptors (se£ Experimental Section 
I) , we demonstrated that the translation product from 
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the human c^ftifc-A cDNA possesses intrinsic thyroid " 
hormone, binding activity, characteristic of the native 
thyroid hormone receptor molecule* 

To isolate a human c-jsxh-A cDNA, a 500-base 
pair (bp) 23tl DNA fragment isolated from a region of 
the ABV genome containing only the v-arh-A gene 
(Vennstrom/ et al. f 1980) was used as a 32p-labeled 
probe to screen two human placenta CDNA libraries. Two 
overlapping lambda gtlO cDNA clones were obtained by 
screening two independent libraries of ~10$ phage 
recombinants each. The restriction maps were deduced 
for each of the cONA clone \BaaRI Inserts from pOC8 
subclones, pheA4 and pheA12 (Pig. III-l(A)). Nucleo- 
tide sequence analysis of these overlapping 1.5 kilo- 
base (kb) cDNA clones revealed that the composite se- 
quence contains a long open reading frame of 456 amino 
acids with a presumptive initiator methionine codon at 
nucleotide, number 301 and a terminator codon at 1,669 
in the sequence (Figs. III-1{B)-1 arid III-l(B)-2). 
Seven codons upstream of the ATG is an in-frame termin- 
ator TAA providing support for the initiator methio- 
nine, although another methionine found 26 codons. down- 
stream makes this assignment tentative. No consensus 
polyadenylation addition signal (AATAAA, Proudfoot/ 
et al. r 1976) is discernible in the 27 nuc- leotides 
between the terminator and poly (A) tract in pheAl2. 

* A predicted polypeptide of relative molecular 
mass 52 r 000 (Mj»52K) , encoded within the human c-erlj-ft 
cDNA translational open reading frame/ shares 82% amino 
acid identity with the region downstream from the viral 
sas sequences (Debuire, et al. r 1984) in ABV. No gaps 
in the amino acid comparison were revealed* The. human 
c-£jLb-A amino acid sequence is homologous with the 
35 viral protein beginning at viral amino acid residue 37 
(Pig. III-2) . The carboxy-terminus of c-^rfc-A differs 
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from that of v- exi> ~& in the following manners arain© 
acid oGquenee similarity of tho two polypeptides 
tarainates at residue 445 of e -j^xh -A, and residue 380 of 

Alignment of the human e-.££fr°A aueloie acid 
sequence with that of v~gxh-& shows that ~74fc of the 
human gene is identie&l to the visa! gene in the region 
of amino acid homology (nucleotides 563-1536 in 

10 c-&£h~&o data not shown) <, Tbaso comparisons, coupled 
with previous data describing other human genes 
mapping to chromosome 17 (Jansson? et alo, 1983 $ Spurr, 
et slop 1984; and Dayton, ot ale 1984) , indicate that 
the human placenta Q-exh-K gene ws have isolated is 

15 distinct o One of the two chromosome 17 £xh-& ganos 
(both of which we propose to call he-££hr& alpha) has 
825 similarity with the v-££&-& gene by nuclaotido 
sequence and 89$ by amino acid identity (See Dayton, 
1984) . Theref ore, the placenta c cDNA# which we 

20 propose to call hc-££fe-& bota, is more distantly 

related to the viral &zh-h gene than the he-£rk-& alpha 
genes. 

Amino acid sequence comparisons between the 
viral and cellular &zh-& protein products and the 

25 glucocorticoid receptor indicate graded levels of 
homology with the carboxy-terminal half of the hGR 
(Fig, IXX-2)o The highest degree of similarity is 
found in a cysteines ich sequence of 65 amino acids 
beginning at e amino acid residue 102 

30 Weinberger, et al.# 1985). There is 47$ amino acid 
identity in the comparison with the hGR and 52Q 
identity when c-££&-& is compared with the human 
oestrogen receptor (h£P.) amino acid sequence (Pig* 
III-2). We have proposed that this region of the hGR 

35 represents the DNA binding domain4. Mutagenesis and 
expression studies have provided direct evidence for 
its role in transcriptional activation (sag 
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Bsperimental Section IX) o Hegioa© dowaotreas from the 
cysteine-Eieh" doa&ia, which correspond to the hormone 
blading dbss'la, eentala seduced yet sigaifieaafc (179) 
homology to the hQR and b£R as found previously with 
5 the viral gxh-& product (a&e. tfeinborgor, et al Q f 1985; 
Green, at &2»r 1985; and Greene? et alo^ 1986) <> 

Hybridisation of restriction 
endonuclease-digeated human placenta DNA with a labeled 

10 DNA fragment derived from the cysteiae-rich region of 
the c-££h-A polypeptide (PigSo IXI-l(A), XXX-1(B)-1 and 
XXX-X(B)-2)) produced two bands in every digestion with 
the exception of JBs&XX (Pig. XXX-3 (A) ) o The greater 
intensity of the 9.4 kb-band suggested that it contains 

15 two hybridizing DNA fragments* - When the hybridization 
conditions were relaxed, additional bands- Here observed 
in the products of each enzyme digestion. For example, 
two faint bands of 5.1 and 3.6 kb were seen after 
digestion (Fig. III-3(B)). The hybridization probe 

20 contains a single internal 2a£X site (Eig D XXI-l(A)) 
which probably explains the increased number of £s£I 
bands detected with this probe. 

Similar high-stringency hybridization 
experiments were performed using a 260 bp Kcn RX -Ram HX 

25 fragment from the 5 r untranslated region of pheA4 (Fig. 
III-l(fL) . and data not shown). Two hybridizing DHA 
fragments were detected with all restriction enzymes 
providing further support for the existence of two 
related c-g£&-A genes. No additional DNA bands were 

3 q seen when the hybridization was performed under relaxed 
conditions using this probe (data not shown) o We 
conclude that there are two closely related hc-rfiib-A 
beta proto-oncogenes and a third, less similar one* in 
the human genome. 

25 Laser-sorted chromosomes were prepared from 

human lymphoid cells (Lebo, et al., 1984) e bound to 



EXHIBIT 13 



WOS8/B31© 



PCryUS87/a2782 



nitrocellulose filters and hybridised undo* 
non-stringent hybridisation and washing conditions 
using the l<,5=kb inoert geoa pho&4 (Fig c 

HX-3(C))o This probe detected only human chromosome 

5 3=speci£ic B£8& and suggests that the thgeo e -£xfa -A 

bGta~rolated genes are chroaososally linked, although 
we cannot strictly esdudo the possibility that the 
non-stringently hybridising &xh- & gene saps in another 
chromosome „ Interestingly , another steroid 

10 receptor /egJa -A genomic fragment has recently been 

identified by characterising the integration sit® for 
hepatitis B virus in a human hepatocellular carcinoma 
(Dejean, et al„, 1986) „ This locus has also been 
mapped on human chromosome 3 suggesting that the 

15 genes may be closely linked* 

TTT. P. REPRESSION OF JZ-<°rh-A GEMES 

Northern blots hybridizing cytoplasmic 
poly (A) -containing RNA's, isolated from. various human 
cell lines or human term placenta, with a 650-bp 

20 Mafll-MI fragment from the pheA4 (Figo IXX-KA}) 

revealed a single RNA species of 2,0 00 nucleotides that 
is most abundant in HeLa and MCP-7 cells (Fig<> 
III-4(A))o The size of the mRHA indicates that we have 
isolated a nearly full-length c-££&-& cDNA* HT1080 

25 cells contain a small amount of the 2-kb transcript 

while it is undetectable in IM-9 cells^ Human placenta 
appears to contain multiple species of 5, 3 and 2o5 as 
well as 2o0 kb RNA. It is unclear whether the multiple 
placenta bands represent nuclear precursors, or mature 

30 mRNA's from a single gene, or the products of other 
£zhr& genes o 

The protein products of the human c cDNA 
were characterized by ija translation.* A cDNA 

containing the entire c-&zhrh coding region was 

35 inserted into the ££&RX site of the expression vector 
pGEM3 in both orientations,* Capped RNA transcripts 
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syafehesised by T7 polymerase from these templates were 
used to program protein synthesis ia rabbit 
reticulocyte* lysstes aad the 3S S-ffiethioaia<2-lab©led 
products w<sro separated oa SDS«polyaegylasid© gQjg 

5- (L&oaali, 1970). Psetoins with & r of 55, 52, sad 3SK 
war© detocted wh®a peAlOX Q&& sans© transcripts) 

was used as template (Fig* IIX-4(Bj; laais 3 and 4) bat 
not when peA102 DNA (ezh-A aatisease transcripts) was 
used (Pig 0 m-4(B), lane 2) . The 55 and 522 products 

10 may correspond to polypeptides initiating translation 
at methionines 1 and 27 9 respectively (Pig 0 
III«1{B)«1), while the 35K product may be a proteolytic 
breakdown product o 

XXX^JgL^HTROXJ^JB^MQ]^ BINDING 

15 Structural similarity of the steroid ligands 

as well as the partial amino acid sequence homology 
(40%) between the carboxy termini of the hGR and hER 
(which specify the hormone binding domains; aee Krust, 
et alo, 1986) support the hypothesis that the steroid 

20 receptors comprise a family of regulatory proteins o The 
more distant homology between the carboxy terminus of 
c-2£h-& and the steroid receptors suggested that zzhrA 
proto-oncogenes probably do not encode steroid 
receptors, but is consistent with the hypothesis that 

25 £jJ\-& may respond to other molecules* We have shown 
that ±sl 2i££fi translation can be used as a means to 
characterize hormone binding activity of cloned steroid 
receptors (ses Experimental Section I) o Accordingly? 
this assay was employed to ideatify-the putative 

30 c-jg£jk^& ligando 

Steroid and thyroid hormores exert their 
effects through fundamentally similar mechanismso To 
address the possibility that &zh-& may be the thyroid 
hormone receptor , the in vl±xo translation products 

35 were mixed with 125x-3 , 5 ,3 °-triiodo-L-thyronine 

(125i-x 3 ) i R a hormone binding reaction Samuels? 
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et al., 1974). Nonspecific hormone binding was 
determined by adding a 500-fold molar excess of cold T3 
to parallel samples. Remarkably, the mixture 
containing the 55 and 52K polypeptides (peAlOl) 

5 acquired 125j-t 3 binding whereas the anti-sense 

RNA-programmed lysates (peA102) had only background 
binding. Hormone binding was sensitive to proteases 
but not nucleases (data not shown). Affinity of T 3 for 
the cloned protein was determined by Scatachard 

10 analysis (Fig. III-5(A)). A !C<j value of 5 x 10~H M 
was obtained, which is virtually identical to the T3 
binding (6 x 10-H M) in HeLa cell nuclear extracts 
(data not shown) . 

Specific analogues of thyroid hormones have 

15 characteristic competition patterns for binding to 
the native thyroid hormone receptor. We determined 
whether the *»rh-A product synthesized In *H fr™ shared 
the same intrinsic hierarchy of affinities for a range 
of natural and synthetic thyroid hormones. Competition 

20 of 125i_t 3 binding was most effectively achieved with 
3r5 ■ ; S'-triiodothyroacetic acid (TRIAC) which 
inhibited 50% of 125i-t 3 binding at 300 pM (Pig. 
III-5(B)). In addition, L-thyroxine (Fig. III-5(B)), 
D-T3 and reverse T3 (3,3' ,5 '-triiodo-L-thyronine) 

25 competed more poorly than T3 (Fig, III-5(C)), while 100 
microH vitamin D3, aldosterone, Cortisol, testosterone, 
progesterone or oestradiol did not compete (data not 
shown), consistent with the biochemical properties of 
the rat thyroid hormone receptor (££& Samuels, et al., 

30 1974; Samuels, et al., 1979; and Latham, et.al., 1976). 
High salt (0.4 M KCl) HeLa cell nuclear 
extracts contained thyroid hormone (I251-T3) binding 
activity, while none was found in cytoplasmic or 
low-salt (0,1 M KCl) nuclear extracts (data not shown). 

35 Competition of thyroid hormone binding in the nuclear 
extracts was quantitatively similar to that of lysates 
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containing e-££&-& sade i& ^ifess (compare Fig Q XXE-5 (B) 
and (D))o Furthermore, thyroid horaoa© binding using 
0<>4 H SCI nuclear extracts from cells, which 

contain undetectable levels of c-oxh-& mRNA (Fig, 
5 lane <9) , is negligible whan cospared with 

similar BaLa extracts (data not shown) o These results 
provide direct evidence that c ~gjdbt- & is the thyroid 
hormone receptor * 

10 5h ® data in this section provide three 

criteria that identify the c-arh-A product as the 
thyroid hormone receptor » Firsts the overall 
structural homology of c -exh -A is likely to be a 
ligand-responsive regulatory protein,. Second, the 

15 expressed protein product has th© same intrinsic 
hierarchy of affinities for natural and synthetic 
thyroid hormones as the native receptor * Third, the 
molecular weights of erfa -A in translation 
products are similar to the photo«af f inity-labeled rat 

2o thyroid hormone receptor (Pascual, et alo, 1982) « The 
identity of ££b-A as the thyroid hormone receptor could 
be further substantiated by demonstrating its 
transcriptional regulation of T3~responsive genes such 
as the growth hormone gene* 

25 Analysis of the hGR and hM has revealed the 

proteins to be composed of a series of functional 
domainso Experimental Sections I and IV, and 

Weinberger, et aL f 1985a; also js^a Carlstedt-Duke r et 
alo, 1982? Dellweg, et alo, 1982; Reichman, et ah, ' 

30 1984? and Sherman, et al. r 1978*) These include a 
cysteine-rich region which contains structural 
similarity to a repeated cysteine-rich region tfhich 
contains structural similarity to a repeated 
cysteine-rich sequence found in Xonnpng 5S gene 

35 transcription factor IIIA and other transcriptional 

regulatory proteins (Miller, et al. r 1985; Berg, 1985) 
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as well ss caebo*y~terainal sequences, which encode the 
stoeoid-binding domain (agg BspesiBcnfeal Section XI and 
Wsinbosges, ofe alo? 1985a? also see Kuaar, ofe ol» , 
1986) . Extension ©£ fehi's analogy fee feae thyeoid 
hormone receptee weulfl pgodiet its hormone binding 
region to be localised neag the eagbosy-teEsinal end o£ 
tho aoloeul© (Fig- XXX=6) » Mutative BM& binding 
sequences would be £ound in the eysteino°sieh region 
(Fig. XXX-S) where DHA binding properties eg the hGR 
and hER appear to bo localised Ca&a Ejtpesiaeatai 
Section XX, and Kumar, efc al.„ 1586; also S. Bollenberg 
and R.M.Eof unpublished data). 

T7T. C. THYROID JOBMONE RgCEPTOR MJL-CMCQfi^a^XS 

Expression of the v-££h-& product in avian 
erythroblasts is required for maintenance of the fully 
transformed phenotype Gra2, at 1983* 

Fryleberg, et al., 1983; Soely, at al., 1983? and Kahn, 
et al., 1986). Chickens infected with viruses lacking 
the v-&zh-& gene display a less virulent disease, while- 
in these infected erythroblasts differentiate 

spontaneously and grow only with coaples media 
supplements. Cells infected with virus, 
however, have an increased capacity foe self-eenewal 
and display a less differentiated phenotype. Structural 
alterations of the v-sxh-h protein could give rise to a 
product exerting aberrant properties of growth control. 
For instance, changes at the carboxyl terminus night 
affect thyroid hormone binding activity, as has been 
shown for the beta form of the human glucocorticoid 
receptor, resulting in a constitutively active molecule 

Experimental Sections SI and III; also SEE 
Weinberger, et al., 1985a), where changes abolish 
steroid binding activity. Xnsertional mutants in this 
domain also inactivate steroid binding properties (see 
Experimental Section XX). However, deletion of the 
hormone binding region gives rise to a 
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coastitutivoly active receptor indicating that this 
domain plays & modulatory eel© is transcriptional 
activation (Wo Giguege and SoKoBo* unpublished data),, 
These data lead us to predict that ^ °gudfr- A is ualikely 

5 to bind hersoae and is rather a cons titu tively active 
form of the thyroid hormone receptor o The 
identification of &zhr »& as the thyroid hormone receptor 
provides the first direct evidence o£ a causative 
involvement of enhancers and their binding proteins in 

10 oncogenic, transformation o 

IXX„ EL A SUPERFAMILY OF REGnLATQ&X GBSTBS 

Similarity of the steroid receptors with the 
v -erh- A oncogene product was sufficient to allow us to 
propose that both have evolved from a primordial 

15 receptor gene (Weinberger? et alo, 1985a) » Two 
surprising results have emerged from the studies 
presented here. The first is that the occurrence of a 
family of Bzhrh proto-oncogenes implies the existence 
of one or more other molecules closely related to the 

20 thyroid hormone receptor • Physiological studies have 
not predicted the existence of a second class of 
thyroid hormone receptors and thus the characterization 
of this family may shed new light on mechanisms of 
developmental and homeostatic regulation The second 

25 surprising observation from these results is the close 
kinship of the thyroid hormone receptors with the 
steroid hormone receptor family. This relationship 
indicates that these molecules may all be part of a 
super family of regulatory proteins that have arisen 

30 over evolutionary time to match the increasing 

developmental and physiological demands of more complex 
eukaryotes. 

TTT- T- DRTATT.RD DESCRIPTION QF P.XGPRRS 
REFERRED TO TM EXPERIMENTAL SECTION XII 

35 glgure IXX-l ffi) and fB) . 

Restriction map and sequencing strategy (A) 

SUBSTITUTE SHEET 
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and nucleotide and predicted amino acid sequence (B) of 
human placenta c-gzh-h cDHAo a, Orientation© of the 
two subclones pheA4 and pheA12 relative to the 
coaposite restriction mapo Comaon restriction 
endonucleas® cleavage sites are abov® the linear map*. 
Thin lines , untranslated sequences? hatched bos, &zbr& 
coding region; arrows? ONA fragments sequenced, b, 
Nucleotide sequence of the composite cDNA is 

presented in the 5' to 3° orientation*, The 
transnational open reading frame related to the viral 
egfa -fl, protein 21 i s shown above the nucleotide 
sequent®. Adenosine residues ("130) are found at the 
3 f end of pheM2» Numbers above the translated 
sequence indicate amino acid residues and nucleotide 
numbers are on the right of the sequence o 

gigiir* TTT-1 <A\ and (B) Methflflft 

Recombinant phage (~10 s ) from each of two 
human placenta lambda gtlO cDNA libraries (Huynhr et 
al./ 1S85) were screened using a nick-translated 
(Rigby, et al., 1977) SOO-bp £a£X fragment isolated 
from pAEV-11 (Vennstrom, et al., 1980))* The 
hybridization mixtuze contained 50% formamide, 1 x 
Denhardt's, 5 x SSPE, O^lfc sodium dodecyl sulphate 
(SDS), 100 microgram ml"* 1 denatured salmon sperm DNA 
and 10$ c.p.a. ml"* of 32p-iabeled £s£X fragment 
(specific activity * 1 x 10 8 c.p.m« microgram" 1 ) . 
Duplicate nitrocellulose filters were hybridized at 
370C for 18 b, washed three times for 20 rain each in 
0ol x SSC, 0,1% SDS (1 x SSC ° 150 mM NaCl, IS mH 
trisodium citrate) and autoradiographed at -70<>C with 
an intensifying screen Two hybridization-positive 
clones were isolated, subcloned into the IsaRI site of 
pUC8, and sequenced by the chemical cleavage method 
(Maxam, et al./ 1977) . 

Amino acid sequence comparison between the 



EXHIBIT 13 



SUBSTITUTE SHEET 

243 



WO88/0316S 



PCI/US87/02782 



-99- 

carboxy-terminal portions of the verb- A oncogene 
product f the human placenta e-*fh~-A polypeptide and the 
human glucocorticoid and oestrogen receptors. 
Translated amino acid sequences for both the v-erh-A 

5 protein (upper sequence) and the human placenta c-^rk-A 
polypeptide (second sequence) were compared by aligning 
matching residues* A computer program for the 
concurrent comparison of three or more amino acid 
sequences (Johnson, et al.r 1986) was used to align 

10 c-££ii-A human glucocorticoid receptor (hGR third 

sequence from top; see Experimental Section I, Figures 
1-2(1) and 1-2(2)) and human oestrogen receptor (h£B f 
bottom sequence; see Green, et al. f 1985) 
car boxy- terminal amino acid sequences , on the basis of 

i5 progressive evaluation of selected segments from each 

sequence. Amino acid residues matched in at least three 
of the polypeptides are boxed. Amino acid matches 
between the two »rh- A polypeptides are indicated by an 
asterisk above the top sequence in each column. Amino 

20 acid identities between the steroid receptors are 

designated by crosses below the sequences. Hyphens t 
gaps inserted to maximize the number of matches in the 
comparison. Cysteine residues conserved between the 
four polypeptides printed wbite-on-black. 

25 P^gnr* TTT-1 fM . fftl and fCl . - 

Southern analysis and chromosome mapping of 
human placenta DNA with c-fi£h-A DNA probes. A, Human 
term placenta DNA was digested with restriction 
endonucl eases and products were separated on a 0.8% 

30 agarose gel. DNA f s were transferred to nitrocellulose 
paper (Southern, 1975) and hybridized in 50% formamide, 
5 x SSPB, 1 x Denhardt'Sr 0.1% SDS f 100 microgram ml-1 
salmon sperm DNA with the 450-bp SStl fragment from the 
pheA4 which was nick-translated to a specific activity 

35 of 5 x io8 c.p.m. microgram -1 . The filter was washed 
in 0.1 x SSC, 0.1% SDS at 60<>C and exposed to X-ray 
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film at °7Q°C with an intensifying ocreen 0 Lambda 
fljjgd lZI DWA aarkors (sise in kb) ar© aligned fed the 
left of the autoradiogra©o B, Analysis of placenta DNA 
using the same e -agfr- A probo as in section a above, 

5 under non-stringent hybridisation conditions A 
parallel blot containing the same samples was 
hybridised as in section a? except that 353 formamide 
was usedo The hybridised filter Has washed in 2 x SSC, 
0ol$ SDS at 5 50C and exposed to X-ray fila as described 

10 above. C, Chromosome mapping of human e°&r&~A genes« 
Human lymphocyte chromosomes were separated by laser 
cytofluorometry (Lebo, et al.» 1984) and probed using 
the non-stringent hybridization condition© described in 
section b, but with the 1„5 kbp BeaRI insert from pheA4 

15 as probe* 

EiflVtrp TTT-4 fft) and (B) o 

Human c-gxhr& expression* A, Northern 
analysis of RNA's from human cell lines and human 
placenta* Cytoplasmic poly (A) -containing RNA (12 

20 microgram) from HeLa, MCP-7 and XM-9 cells, or total 
poly (A) RNA's from HT1080 or placenta, were separated 
on a 1$ agarose gel containing formaldehyde, 
transferred to nitrocellulose (Thomas, 1980) and probed 
using a nick-translated 650-bp a^afll-£afel pbeA4 

25 fragment* Cytoplasmic RNA's were isolated from the 
cell lines using isotonic buffer and 0*5fc NP40, while 
the placenta RNA 1 s were extracted from fresh tissue 
using guanidine thiocyanate (Chirgwin, et ale 1979) 0 
Lane 1, HeLa; lane 2, HT1080, lane 3, human placenta; 

30 lane -4, IM-9; lane 5, MCP-7 . B, Synthesis 6f &xhrh> 
polypeptides ia xifc^Q. The 35s-methionine-labeled 
products synthesized using T7 polymerase-catalysed RNA 
transcripts were separated on a 12«5S 
SDS-polyacrylamide gel which was fluorographed 

35 (EN3HANCE, New England Nuclear) * Lane 1, control 
(without 01RNA) f lane 2, peA102 (anti-sense RNA, 4 
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sieroliters) $ lan® 3* ps&lQJ (songs I @icrolit@r)? 
las® 4* poAlOl "(fl siegolitoso BH&)o* Siscus ©g pgstQia 
@tandagd®8 bovia© ®®ru® albuaia, g§ 0 2K? ovalbumin, 451 
and carbonic anhydgasiQp 31Ro 

The BcnU I insert fro© phaA12 uhich contains 
th© entire coding gegioa of e -gudfei- A «as inserted into 
the g£fiR£ site of pG!M3 (Sromoga Bio tec) in both 
osi©ntations 0 Plasaid DN&°© pe&lOl and p®A102 wsre 

10 linearised with li&dXXI, purified on 0o8Q agarose gels 
and used as templates foe T7 polyaeease-catalysed 
synthesis of RHA D s in glfczA (see Experimental Section . 
Do After 560 chromatography* total nucleic acid 
material (2 micrograms) was used to program protein 

15 translation in a rabbit reticulocyte lysate system 

(Promega Biotec) with 3 ^-methionine (25 microCi, 1100 
Ci mmol-lp New England Nuclear) final volume 25 
microliters o * 

Piaure' Tn-5 fftl . (B1 . fC> and fDl. 

20 Thyroid hormone binding to gxfaH fr polypeptides 

synthesized An glfcrA o A, Scatchard analysis of I25i-X3 
binding to the <zzh-h polypeptides made in £i££A<> The 

polypeptides (2 microliters from the is sifesfi 
translation mixture in a total volume of 2 ml) were 

25 assayed for specific thyroid hormone binding activity 
using hydroxy lapatite to measure the amount of bound 
and free labeled hormone at different concentrations of 
1 25 I-T3 as described (Gruol, 1980) o B, Competition of 
thyroid hormone analogues* for 125 binding to ark-A 

30 polypeptides synthesized ia xL££fi* Samples (2 

microliters) from tho. peAlQl (sense strand) -programmed 
reactions were used in 125x-T3 standard binding 
reactions (Samuels, et al», 1974) with increasing 
concentrations of unlabeled thyroid hormone or 

35 analogues to compete with labeled hormone * Specifically 
bound thyroid hormone is plotted against 
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coaeeatsatioa of competitor cospeuad. C# Coepetitioa 
of triiodefeayroaia© isosors fro® ^l°T% biadiag to 
gxfr-B, polypeptide® ayataesised is Biasing 
reaetioas were perforaed as abevo adding increasing 
concentrations of ?2 iaeaer®- Thyroid aeraoa© bound fee 
exta°& is plotted oa the ordinate,, 8, Competition of 
thyroid hormone analogues fog 12S X-Sj- biadiag to 0.4 H 
EC1 BeLa cell nuclear extracts « BeLa cell noelei were 
extracted with a buffer containing 0.4 K KC1 (Samuels,, 
et al., 1974). The protein extract (25 micrograms) 
(determined by Blo=Rad protein assay) was mixed with 
0.6 nM 125j--r 3 ia standard binding reactions with 
increasing concentrations of thyroid hormone and 
analogues (Samuels, et al., 1974? Latham, ®t al.,- 
1976) . 

Figure 11 T -* r*i . ■ <C) and (P> HPfchflfla . 

Labeled i25z_3,3 • ,5-triiodo-S.-thyronine (New 
England Nuclear, 2,200 Ci mrnol" 1 , 0.3 nH final) was 
raised with axh-A polypeptides synthesized in the la 
20 c<i-m translation mixture (described in Fig. III-4(A)) 
in T 3 -binding buffer (0.25 H sucrose, 0.25 M KC1, 20 mM 
Tris-HCl (pH 7.5), 1 mM MgCl 2 , 2 mM EOTA, 5 mM 
dithiothreitol (DTT)) (Samuels, et al., 1974) at 0©C 
for 2 h in a final volume of 250 microliters. Specific 
hormone binding was determined by adding a 1,000-fold 
excess of unlabeled hormone and assayed by counting 
. radioactivity eluting in the excluded volume from a 
Sephadex G-25 fine (Pharmacia) 0.9 z 4.0 cm column 
(Samuels, et al., 1974). 
Pjgprp Hi-fi ^ 

Schematic comparison of the steroid and 
thyroid hormone receptors. Araino-acid sequences of the 
receptor molecules aligned in Pig. IXI-2 are 
represented schematically. CYS, cysteine-tich region 
35 encoding the putaive DNA binding domain found in the 
receptor proteins (Cys-ricb region residues are: 
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c~g£M, X02-1S9| a€R, «21~486» hER, X8S-2S0}* 
Cortisol, ©estradiol and ?3/?a, aegsene biaSiag segiens 
in fehe carbosyl teraiai?-! MM, isaBnogaflic sogiea ©2 
the huaanglBCocorfciceid recapfeoe. BJuabsrs sogasafcing 
boses, pescantag® aaiao acid identities between fea© 
• receptor species ia the intervals betweea feho vertical 
brokea lia®s? aGR, auaaa glucocorticoid receptor* aER 
buaan oestrogen receptor? be-asferA bota, hesan thyroid 
10 hormone. receptor. 
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agEEIBPtN^T, stroma 

CLON2S5G OF itJHAH HXHIRALOCORTXCOXD RECEPTOR 
C0HK.EHEH2AR2 DM: STRUCSORAL MB FOS8CTXONAL 
5 RXNSBX? WISH TBI 6&0C0C0R2XCOJS. RECESTOR 



Low-stringency hybridisation with ausan 
glucocorticoid rocsptor (hGR) ccspleseafeary SHA saa 
used fee isol&fe® a now gono encoding a predicted 

10 X07-!cilodalton polypeptide, Bspression- studies 

demonstrate its ability to bind aldosterone with high 
affinity and to activate geao transcription in response 
to aldosterone, thus establishing its identity as human 
mineralocorticoid receptor (hHR) . This molecule also 

15 shows high affinity for glucocorticoids and stimulates 
a glucocorticoid-responsive promoter Together the hMr 
and hGR provide unexpected funetioaal diversity in 
which hormone-binding properties, target gene 
interactions, and patterns of tissue-specific 

20 expression jnay be used in a combinatorial fashion to 
achieve complex physiologic control. 

Tn fti TMTPQPUgPIQH 

The hypothalaaic-pituitary-adrenal axis 
integrates a variety of neuroendocrine inputs to 

25 regulate the synthesis and secretion of the adrenal 

corticosteroids. These steroid hormones exert effects 
on growth, development, and homeostasis by their 
interaction with intracellular receptor proteins that 
directly regulate the transcription of sets of target 

30 genes (1,2). Two receptor systems have been defined 
for th<s corticosteroids; these are termed the 
glucocorticoid receptor (GR) and the mineralocorticoid 
receptor (MR). Early functional assays classified the 
corticosteroids as either glucocorticoid, by their 

35 effect in promoting glycogen deposition in the liver, 
or mineralocorticoid, by their effect in promoting 
sodium retention by the kidney. However, each steroid 
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class is not restricted to interacting with only its 
eognatG teeept« v and giQ eeeo*ticoid8, in puticalar, 
eaR have substantial aineraleeegtieeid aetivity (1=3). 

5 it io now evident that the MR has significant 

4a jti&ss affinity foe both glueoeogfcieeido and 

. aineralocostieeids (3*«>. Since ttaQ circulating level* 
of glucocorticoids are several wdori of aagnitude 
highsr than those of aldosterone, the primary 

, 0 sineralocorticoid, glucocorticoid activation of the MR 
M y be functionally cignificant. Wheraaa the secretory 
epithelia of tissues such as kidney and intestine 
regulate electrolyte and water balance in response to 
aldosterone, it is possible that additional mechanisms 

15 confer these tissues with sensitivity to 

aineralocorticoids (S).' No clear functional role has 
emerged for the MR expressed in other tissues, but 
physiological responses in brain may result from 
glucocorticoid interactions with the MR (5=7) . 

20 Despite the availability of high-affinity 

radioactively labeled ligands, the MR has been 
refractory to purification, and its biochemical 
properties, in comparison to GR, remain poorly 
understood. Application, of the techniques of molecular 

25 biology to the study of the MR would facilitate its 
biochemical characterization and, eventually, an 
understanding of the genes under its transcriptional 
control and the roles their products play in 

homeostasis* 

Molecular cloning of the glucocorticoid tee 
Experimental Section X and eft. 8,9), estrogen (10), 
and progesterone (11) receptors has permitted the 
determination of their primary amino acid structures 
and prediction of functional domains common to this 
35 family of regulatory proteins. Experimental dissect.on 
of glucocorticoid Experimental Section II and 

12) and estrogen (13) receptors has revealed a 
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centrally located DNA-binding domain rich in cysteine, 
lysine, and arginine, and a carboxyl-terminal region 
where steroid hormones interact. Functional studies of 
5 GR suggest that hormone binding to the carboxyl 
terminus unmasks the DHA binding region to perait 
interactions of receptor with DNA and activation of 
transcription (14, 15). Comparison of the 
cysteine-rich DNA-binding regions of steroid and 
10 thyroid hormone receptors Bhows a high degree of 
relatedness between these molecules (16) . The 
invariant cysteine residues have led to the hypothesis 
that coordination of 2n 2+ . metal atoms maintains a 
structural configuration for DNA binding analogous to 
15 that proposed for v^pus 5S gene transcription factor 
IIIA (17) . The steroid-binding regions of the steroid 
receptor family also show substantial conservation 
consistent with evolution of various receptor classes 
from a common ancestral precursor (llr 16)'. 
20 we have used the structural similarity between 

steroid hormone receptors to isolate a gene product 
closely related to the human glucocorticoid receptor 
(hGR) . Nonstringent hybridization with an hGR probe 
was used to isolate a human genomic DNA fragment highly 
25 related to the hGR cysteine-rich sequence. Using this 
DNA as a probe, we obtained complementary DNA's 
(cdna's) that code for a molecule having a strong 
homology with the hGR from the cysteine-rich region to 
the carboxyl terminus. When expressed in cells, this 
30 molecule binds aldosterone with high affinity and 
activates aldosterone-response transcription of the 
long terminal repeat (LTR) of the mouse mammary tumor 
virus (MMTV) . The overlap of the ligand and DNA 
sequence specificities of this human miner alocorticoid 
35 receptor with those of hGR suggest that the distinct 
roles traditionally assigned to these regulatory 
molecules should be reconsidered. 
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TV. ISOLATION hiKUL-CQM 
Foe tho idQafeificatiea og glucocorticoid 
receptor-related genes* huaaa placenta DM tres digsated 
with restriction ondonud eases, graetionat®d by agaros® 

5 gel electrophoresis* and the fractions were hybridised 
with hGR X<,2, as 1100-bp fragment of hGR cOSJA 
containing sequences encoding the DNA-bindiag domain 

Experimental Section also r©fo 15) » Southern 
blot analysis revealed several distinct bands specific 

10 to low-stringency hybridization conditions (compare 
?ig 0 XV-1, (A) and (B))o Tb© 2o5-kiiobasG pair (kbp) 
Si&dllX fragment (bracketed by asterisks in Fig D 
IV-l(B)) was well resolved from other hybridising bands 
and was judged suitable for direct genomic cloning* 

15 HiadXIX-digested DNA from human placenta was 

preparatively size-f ractionated on an agarose gel* and 
the 2.5-kbp region was isolated for the construction of 
a genomic library <> This lambda gtlO library was then- 
screened under conditions of low^stringency 

20 hybridisation with hGR 1,2 as the probe» The insert 
from one positive genomic clone* lambda HGH? was 
nick-translated and used as a probe on a Southern blot 
under high-stringency hybeidization conditions (Fig* 
IV-l(C))o The 2,5-kbp HadXII signal corresponded to 

25 that seen under nonstringent conditions 9 indicating 

that a portion of the desired genomic fragment had been 
isolated • Sequence analysis of the insert from lambda 
hGH revealed an eson.of 140 base pair (bp) flanked by 
intron sequences (Pig- IV«1(D)). Overall this eson has 

30 68 percent nucleotide identity with the homologous hGR 
cDNA sequence* but a region conserving 85 nucleotides 
out of 104 probably confers its cross-hybridization 
properties*. This highly conserved region corresponds 
to a portion of the hGR DNA-binding domain (15) . The 

35 lambda flGH exon codes for 46 amino acids beginning with 
16 nonconverted residues and followed by the first of 
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the highly conserved cysteine residues characteristic 
of sfec^oia horsono receptors (8-11) o Of the nest 30 
roaieuas? 28 asa identical to WSSU Thoso analyses 
demonstrated the isolation o2 a genomic fragment 
coataiaiag a sequence related to, but clearly distinct 
fsos* that. found in the hGR cDN&- sequence (see 
Experimental Section Do 

The insert Stem lambda HGB was used as a probe 
to screen eDHA libraries for clones corresponding to 
this hGR-related geneo Mineraloeortieoid receptor was 
considered a candidate to be encoded by such a gene* 
Sine© kidney is known to b© a mineralocorticoid- 
responsive tissue/ several human kidney cdha libraries. 
\*<ere screened o Eleven positive clones war© isolated 
from these lambda gtlO libraries- at a froquency of 
three to four per 10 s recombinant phage o Two over- 
lapping clones, lambda hk2 and lambda hklO, were sub- 
jected to nucleotide sequence analysis and together 
found to span 5823 nucleotides (Figs. X?-2(A) , 
20 IV-2(B)-1 and IV-2(B) -2) „ The exon-intron boundaries 
of lambda EGH were verified by sequencing these cDNA 
cloneso The lambda hklQ, encompassing nucleotides 1 to 
3750/ con- tains a large open reading frame predicting 
the entire primary amino acid sequence • The DHA insert 
from lamb- da hk2 extends from nucleotides 802 to 5823/ 
but con- tains an internal 351-bp deletion from 2235 to 
2586 • Three additional clones were examined and 
determined to have the same structure as lambda hklO in 
the deleted region*. It is likely that the deletion in 
lambda hfc2 represents either a cloning artifact or a 
rare messenger ,RNA (mRHA) splicing error (18) . The 
sequence of the reported 3* -untranslated region down- 
stream of nucleotide 3750 is derived from lambda hk2. 
The composite sequence of these, two cDNA's is termed 
35 hMR (Figo XV-2(A))- With the first in-fraae ATG (posi- 
tion 223) downstream of an in-frame termination codon 
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(position 136), aMR has' a S'-uatsonslated region of at 
least 2X§ neelootideso ?bo ®9<pone@ surreuading this 
firafc ATG agseoo wita the eeasaaouo doaczibsd by Eesafe 

5 (19) . This psedietod Initiator wtbloalno- eodea bagias 
an open reading fraao Qaeediag 9B4 osia@ sei&3. 
Following a fcerainatiea cedon (position 317S) is a 
2 §°kb 3 • -untranslated gegi©» wita a typical 
polyadenylation signal (MTMA) gaoad 17 noclsotldM 

10 upstream of a 70-nucleotide poly CM (polyadonylafced) 
tract, toag 3 '-untranslated sseions a*o a 
characteristic feature of steeoid hormone receptor 
mRHA's [gm Experimental Sectioa Z| also rofs. . 

15 The proteia encoded by htJR eOHA has the 

structural properties of a steroid hormone gQeeptor 
closely related to hGRo Comparison of the predicted 
aE ino acid sequence of hHR wita that of aGR 
demonstrated high degrees of homology tilth both the hGR 
20 DNA binding and steroid binding domain*. ?be m «•»• 
encodes a protein of S84 amino acids with a predicted 
molecular size of 107 U>, significantly larger than the 
777 residues of hGR. This size discrepancy is 
primarily due to the large amino terminus, which bears 
25 no homology to hGR. Considerable heterogeneity of sire 
and sequence for this region exists between the 
receptors for glucocorticoid, estrogen, and 
progesterone U££ Experimental Section X, also refs. 
9-11) . Amino acid homology begins in the centrally 
30 located DNA region tilth 94 percent amino acid ^entity 
in 68 residues (Fig. ZV-3>. Separating the DNA-binding 
domain and the carboxyl-terminal steroid-binding domain 
is a region with relatively low sequence conservation 
found between other «t«i aid hormone receptors. It has 
35 been speculated that the region may serve as a 
nolecular hinge between the two domains U*» 
Experimental Section II and ref. 13). Comparison with 
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hGSL QhmsM this rsgioa of h£2B to coatsia an additioa&l 
24 aaiao acids including & ©©quoae® of a. glutaaiae® 
followed by 3 peolia©© oacod©d by stapofeifeivG aaeleotide 
elemeatSo ThQ niga&ficsacQ of this uaaiu&l Btsqueae© ia 

5 terms of origia aadfuaetioa is uaelear? bat 

strueture-beeakiag. prolines ace consistent vlth a Mage 
regioa<> & eoaparisoa of th© carbosyl-teraiasl 250 
amino acids of hHE with bGR shows S7 pereeafc amiao acid 
identity as yell as a auabsr of ceaaervstive amino acid 

1Q substitutions <> Some of these substitutions say 

preserve hydrophobic regioa® necessary for steroid 
hormone inter actioao 

ft® have used traasfectioa of the monkey kidney 
cell line CWl and its derivative* (that lB ff SV<80 2 
antigen-transformed) cell lia® COS-1 (referred to as \ 
COS) to study glucosticoid receptor fuaction<> 
Experimeatal Section XXo) High levels of polypeptide 
expression from transf ected faMR were essential to 
facilitate steroid-biading experiments in traasf eeted 
cells o Since plaemids contaiaing the SV%Q origin of 
replication can replicate to high copy numbers in COS 
cells, an expression vector for hMR coding sequences 
similar to pRShGR alpha, used previously in hGR . 
studies, was constructed., The plasmid, pRSh&R, 
contains the hHR coding sequence/ under the control of 
the promoter from Rous sarcoma virus, and the SV40 
origin of replication (Fig. XV-4(A))o. 

Ligand specificity of the hHR profceia was 
determined by preparing cytosol extracts from COS cells 
transfected with pRShMRo Two days after transf ection, 
cells were harvested, and hormone binding was measured 
by a dextr an- treated charcoal assay o Hock-transf ected 
control. extracts had no specific binding activity for 
[3 H] aldosterone, whereas extracts from * 
pRShMR- transf ected cells found significant amounts of 
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[3h] aldosterone with high affinity. A dissociation 
constant (Kg) of 1.3 nM for the binding of 
[3h] aldosterone was determined by a Scatchard analysis 
(Pig* IV-4(B)). This value is in good agreement with 

5 those reported for aldosterone binding to 

mineralocorticoid receptor (2 r 20). Competition 
experiments were then performed to examine the ability 
of different unlabeled steroids to compete with 5 nM 
[ 3 H]aldosterone for binding when present at 1-, 10-, or 

10 100-fold molar excess (Pig. IV-4, (CJ and (D) ) . This 
provided a measure of the relative affinity of each of 
these steroids for hMR. The results of these 
experiments show that aldosterone, corticosterone, 
deoxycorticosterone, hydrocortisone (Cortisol) all have 

15 very similar affinities for hMR, Dexamethasone, 

progesterone, and spironolactone demonstrated weaker 
binding affinity while estradiol competed very poorly 
for binding to MIR. Overall, this hierarchy of 
affinities indicated that hMR encoded the human 

20 mineralocorticoid receptor (2, 20). 

TV. TRAHSPftTPTTQNATi ACTIVATION 
Steroid hormone action is characterized by 
hormone-dependent modulation of target gene transcrip- 
tion. The assay for transcriptional regulation by 

25 transfected hGR in CVI cells (see Experimental Section 
II) was adapted to hMR (Pig. IV-5(A), (B) and (O). 
The expression plasmid used for steroid-binding assays, 
pRSbMR, was co transfected with a reporter plasmid 
called GMCAT, which contains the MMTV LTR linked to the 

30 bacterial gene for chloramphenicol acetyltransf erase 
(CAT) • Thus CAT activity provides an enzymatic assay 
for the transcriptional activity of the MMTV promoter. 
The MMTV promoter contains several glucorticoid 
response elements (GRE* s) , enhancer-like DNA sequences 

35 that confer glucocorticoid responsiveness via 

interaction with the GR (21) . It was possible that 
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bfOLp because of tho near identity of its QHA-bindlng 
doaaiB.fc© that of hG&<? sight also recogaisa the M^W 
LTRo tf&an GWl cells trese cotransf ected with' pSShfSE and 
vq observed fell QMS activity* This activity 

5 was Independent of added aldosterone ouggenting that, 
in contrast to transf ected hC&? sufficient hoeson® was 
present in serua (fetal calf ©era©* 5 percent) to fully 
activate hHR (Fig* !V-S(B))o In the presence of 
char coal-trea ted aerua (22) CAS activity became . 

10 responsive to the addition of exogenous aldosterone 
(Fig* XV-5(Q), indicating that hMR cDfiJA encodes a 
functional steroid hormone receptor o Rhil© the h#B. was 
also activated by the glucocorticoid agonist 
dexamethaaone, the hGR did not respond to oven 

IS supraphysiological concentrations (10 nM) of 
aldosterone o 

TV. G. Tis mg-SPBCIPTC BXPRBS5XQH 
We examined the expression of HR mBMh 
homologous to hMR cDNA In rat tissues fay Northern blot 

20 hybridization (23) o Classical mineralocorticoid target 
tissues such as kidney (24) and gut (25) , as well as 
tissues such as brain r pituitary, and heart? contained 
mRNA homologous to hMR (Fig a XV-6) o 
Aldosterone-sensitive cells in kidney are primarily 

25 restricted to the distal and cortical collecting 

tubules (2) 9 and therefore a modest level of expression 
in this tissue was not unexpected* High levels of MR' 
(type I corticosteroid-binding sites) have been 
reported in rat brain/ particularly in the hippocampal 

30 formation (4, 6) • In comparing dissected hippocampal 
RUA with RKA prepared from total brain, we found a 
striking enrichment of message in, the hippo campus <> 
While aldosterone binding has been reported for 
pituitary (26) r cultured aortic cells (27), and spleen 

35 (28) f no such activity has been reported- In muscle. 

Liver expresses GR, but has no detectable high-affinity 
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aldosterone-binding activity (29) , and as would be 
expected a© aybsidisatiea fee liver RHA was observed. 
Ropeobing of the sase Herfcnesn blefe wi&a an analogous 
perfeion of aGR cBNA doaeaoferafcefi hybridisation to sRNA 
epscios of different sizes, and iadieafeed feast feaa MR 
and GR do show differential patterns of feissue-epocifie 
expression. 

TV. H. CHBPMQfiQME Magyiwe 
To defcesain® tho ehroaoeomal location of the 
mineralocorticoid receptor gene, we tested hHR against 
a panel of rodent-huaan somatic cell hybrids retaining 
different combinations of huaan chroaosoaes (30) . The 
DNA fragments specific for the aineralocorticoid 
15 receptor gene segregated eoneordaafcly with huaan 
chromosoma 4 in IS hybrid cell lines. Discordant 
segregation was observed for all other huaan 
chromosomes , including chroaosome 5, site of the 
glucocorticoid receptor gene (see Experimental Section 
I and ref. 31). To confirm the assignment to 
chromosome 4, we tested a restricted set of microcell 
hybrids, each of which carry one to three human 
chromosomes (32) , for the hHR gene by Southern analysis 
(Pig. 1V-7) . Six £co*X fragments detected by the 
coding portion of lambda hk2 co-segregate with 
chromosome 4 in this hybrid panel. In particular, the 
hHR gene is present in HDK-1132B, a cell line that 
carries chromosome 4 as its only human chromosome* 
TV n T , T W w,T r ».f TOWS FOB APRSHAIi 
m qTTCOS' "^P Tn PHYSTPLQfiX 

Human aineralocorticoid receptor cDNA encodes 
a polypeptide that is highly homologous to the human 
glucocorticoid receptor. In the DNA-binding domain, 
hHR maintains approximately 94 percent amino acid 
identity to hGR while the steroid-binding domain 
localized in the carboxyl terminus has 57 percent 
identity. The recently reported sequence (U) of the 
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rabbit pregestoroao receptor also aas a high 

degree ©2 z elatedness to hMKo Ceapagisea of the aaino 
acid identity 4a aGR aafi steucfcasal fioaaias oith 
5 that ©f bm (fifo 1V°I) doaaeastgafces the seaasfeable 
giailasity ©2 these guaetieaally distiaet regulatory 
peoteias. - She homology ©2 has tfita V5R is alsest 
ideatieal fee the hGR~h£Ht. eeapeeisoa, with 9 0 pereeat of 
the aaia© acids shared ia tho DHA-bindiag. doaaia aad 56 
percent in the stereid-biading regiea. Ia contrast, a • 
comparison of ' the saae regions of hHR with huaaa 
estrogen receptor (10) indicate* 56 percent identity in 
tho DNA binding domain and 21 Pereejit_ sequence identity 
in the steroid-binding carboxyl terainus. The degree 
of structural homology shared by hMR, hGR> and rSR, and 
the structural relatednoss of their Uganda, suggests 
that they Bay comprise a subfaaily of steroid horaone 

receptors o — 

Expression of the hfiR polypeptide in COS cells 
by transient tranafection peraitted the evaluation of 
its steroid-binding potential-. The results of these 
analyses indicated that hMR cDMA encodes a huaan 
miner alocorticoid receptor. Scatchard analysis 
demonstrated that extracts from cells transfected with 
pRShHR bound [3a] aldosterone with a Kd of 1.3 nH, while 
reported K D values for aldosterone binding to MR range 
from 0.5 to 3 nM (2). This is the single most 
important criterion in defining this gene product as 
the human miner alocorticoid receptor. Steroid-binding 
competition studies have further supported this 
identification of hMR. The mineralocorticoid 
deoxycorticosterone and the glucocorticoids 
corticosterone and Cortisol compete as effectively as 
aldosterone itself, whereas the synthetic 
glucocorticoid dexamethasone and progesterone have 
lower affinities for the hHR. 

The extensive amino acid sequence identity in 
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the presumptive! otsroid-binding domains of nHR, bGR, 
and rPR is eoagafei&lo with the similar Xigsnd-binding 
properties ©g thooa roeQgtoro. The sineraleeoztieeid, 
5 glacoeosfcieeid, and ggegestosone receptors esaibife a 
limited ability fee disesisinat© between the siailas 
2a-earbora atom ofeguetuges eg tho minoralocortieoids, 
glucocorticoids, and pgegesfeias. This Xaefe of 
specificity is particularly relevant to tho BR and GR. 
10 For e*amplo, the MR binds glucocorticoids with an 

affinity equal to that for aldosterone . Jndeed, it may 
be that only in tisoues such as kidney, where 
additional mechanisms confer selective response to 
aldosterone, does th© MR function as a classical 
15 aineralocorticoid receptor (3, 5). The MR also binds 
progesterone with a high affinity, but one lower than 
its affinity for corticosteroids, Thoro is oomo 
indication that progesterone say act as a partial 
agonist or antagonist of aineralecorticoid action (33), 
and it is not clear whether glucocorticoids ace as full 
agonists in binding to the miner alocortieeid receptor. 
Similarly, th® GR binds glucocorticoids with a K D 
between 20 to 40 nM and it binds aldosterone with a K D 
between 25 to 65 nH (2). Therefore, the important 
distinction between th® hormone-binding properties of 
MR and 6R may not be one of ligand specificity, but 
rather of a high-affinity versus a lower affinity 
receptor for the corticosteroids. 

The function of the hHR ift 2iS£a is complicated 
by the serum. cortiaol-binding protein, transcortin. 
This protein sequesters Cortisol and, bscaus© of its 
differential distribution, transcortin could influence . 
local glucocorticoid concentration. High levels of 
transcortin in kidney would reduce available Cortisol 
from plasma to favor aldosterone sensitivity, whereas 
low levels of transcortin in the brain would suggest 
that, in the. central nervous system, glucocorticoids 



20 



25 



30 



35 



EXHIBIT 13 



263 



WOW/03168 



-119 



PCT/US87/02782 



nay be the predominant hMR ligand. Thus, the preferred 
physiologic ligand for hMR apparently varies depending 
on the site of receptor, expression (3). This aodel and 

5 others (5) have been proposed to explain the 

responsiveness of some tissues to aldosterone despite 
much higher levels of competing glucocorticoids. 

The degree of homology between hMR and hGR in 
the DNA-binding domain (only four amino acid residues 

XO differ in this conserved 68-residue region) suggests 
that these receptors may recognize similar regulatory 
elements. The activation of the MMTV LTR by the 
transfected hMR in response to both aldosterone and 
dexamethasone supports this conclusion , although the 

15 progesterone receptor has also been demonstrated to 
regulate this promoter (21) . Furthermore, differences 
between hMR and hGR in the DNA-binding domain, or in 
other regions such as the highly divergent amino 
termini of these molecules, may influence target gene 

20 specificity in ways not revealed in this assay. 

However, we have utilized transcriptional regulation of 
the MMTV LTR by hMR and hGR to examine their activation 
by mineralocorticoids and glucocorticoids. While the 
hMR response was approximately equivalent with either 

25 10 nM aldosterone or dexamethasone, hGR was activated 
by dexamethasone but was insensitive to aldosterone in 
this assay. Transcriptional activation by hMR in 
response to exogenous Cortisol was also observed. These 
data indicate that in transfected cells both 

30 mineralocorticoids and glucocorticoids can activate 
hMR-mediated gene transcription. On the basis of this 
functional property, we conclude that the hMR is highly 
responsive to adrenal corticosteroids and therefore may 
function as a glucocorticoid receptor. 

3 5 in addition to elucidating the pharmacologic 

and physiologic function of the mineralocorticoid 
receptor in coordinating response to corticosteroids, 
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th© isolation of hMR cDHA will facilitate investigation 
of the rolo of hHR in a number of disease states, among 
them hypertension and psGUdehypealdosfeeronisa (?BA) 0 An 
association of miner alocorticoids with hypertension has 
been recognised for several decades 9 and it say be that 
hHR-mediated sodiua retention and increased blood 
volume are, in part, responsible for some forms of 
hypertension (34) » PHA is an autosomal recessive 
disorder characterised by lack of responsiveness to 
normal or elevated aldosterone levelso Recent work has 
demonstrated diminished or complete loss of 
high-affinity aldosterone-binding sites in patients 
with this disease (35) which is likely to result from a 
miner alocorticoid receptor genetic defect* The 
l5 chromosomal mapping of the hMR gene suggests the PHA 
locus should reside on chromosome 4o 

Cloning and expression of functional hMR has 
provided unexpected insight and should stimulate new 
interest into the mechanisms underlying physiologic 
complexity^ and allow the development and testing of 
new models for the coordinate regulation of gene 
networks. 

TV- J. DgT ftTT.En DESPRTPTTON QF FIGPRES 
R F;FffqflRP TO TK FYPERTMENTAT, SECTIQtL.Xg 
25 pigtirfi TV-1 (A) , (B) . ff) *T\A fP) ■» 

Isolation of a genomic sequence related to the 
hGR gene. (A) High-stringency Southern analysis of 
human placenta DMA digested with the indicated 
restriction endonucleaseso hGR cDNA (hGRl.2) was used 
as a probe. Sizes of lambda DNA fragment markers (in 
kilobase pairs) prepared by SiadXXX digestion are 
indicated next to the autoradiogram*, (B) 
Low-stringency Southern analysis. The 2<>5-kbp band 
bracketed by asterisks in the Hi&dlXX lane was the 
sequence targeted for direct genomic cloning. (C) 
Isolation of this genomic sequence in a clone 
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design&tad lambda SGB is dosoastrated by its use as a 
probe on a similar SoothQrn blot« Th<2 lambda HGH 
geaoaie ggagaoat contains feho hybridising internal 
j^caRX fragment isolated froa this cloning o (D) The 

5 iatson-esea structure o£ the lambda HGH genomic 

fragment and its h0@0l.og7 with hGRo The hGR-related 
exon found within lambda HGH is boxed in black with its 
predicated amino acid sequence© Conserved cysteine 
residues are indicated with white dotSo Portions of 

10 intron sequence with consensus splice donor and 

acceptor sites underlined are shown flanking the exono 
Nucleotide homology with the hGR is shown underneath* 
Nucleotide numbers for hGR are from Figure 1-2(1) and 
1-2(2) , discussed in Experimental Section I? also AAA 

15 Hollenberg, et al„ (1985) (ref . 8) for publication of 
the study. used herein as Experimental Section I 0 For 
Southern analysis, we digested DNA from human term 
placenta with restriction endonucleases, and products 
were separated on a 0«8 percent agarose gel. The DNA's 

20 were transferred to nitrocellulose paper and hybridized 
under either stringent or nonstringent conditions • 
Stringent hybridization was performed with 50 percent 
formamide, 5 x SSP£ (NaCl, NaH 2 P04, EDTA, pfl 7„4), 1 x 
Denbardt's, 0d percent SDS, salmon sperm DNA at 100 

25 microgr am/ml, and probe (10 s cpm/ml) at 42°Co For 

nonstringent hybridization, 35 percent rather than 50 
percent formamide was used* Washing conditions 
consisted of Ool 2 SSC (standard saline citrate) with 
0.1 percent SDS at 60<>C for stringent analyses and 2 x 

30 SSC with 0.1 percent SDS at 550C for nonstringent 

filters. Washing conditions with the 338-bp. inset from 
lambda HGH as probe were modified to 2 x SSC with Ool 
percent SDS at 68°Co For isolation of lambda HGH, 
human placenta DNA (300 microgram) was digested with 

35 Hiadlll and size-fractionated on a 1 percent 

low-melting agarose gel (Seaplaque, FMC) * The gel was 
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sliced ia 0o5«cs strips, and thQ 9HA wa® pusigied by 
phenol extraction and etbaaol. preeipifeafeion<> DNA (2 
microgram) fso© fchG feaefeioa eeggogpoadiag ia sis® fee 
thQ band bracketed by asterisks in (B) was repaired 

5 with Kleaew B&A polymerase* fog g£Q?tX linker addition*, 
After digestion with le&RX and removal og excess 
linker© on a Sepbarose.4B eolusa, this £>NA was ligated 
to leaRI-digested laabda gtlO DBA and packaged ia ffifcKA 
(lambda arms and extracts from Vector Cloning Systems, 

10 San Diego, California) * About 4 s 10 s independent 

recombinants were screened under conditions identical 
to those used for the nonstringent Southern analysis to 
obtain lambda b<3Ho 
Fiquf a IV-Z IK\ ajaA_Jtai o 

15 Nucleotide sequence and primary amino acid 

structure of human miaeraloeorticoid receptor o (A) 
Composite structure of hHR aligned with a line diagram 
of some restriction endonudease cleavage sites (SsaRl 
sites shown at nucleotides I and 5823 and derived from 

20 linkers)* The composite was assembled from two 

overlapping lambda gtlO clones, lambda hJclO and lambda 
hk2* Parentheses in the line diagram of lambda hk2 
indicate a 351-bp deletion. The hatched box indicates 
predicted coding sequence with initiator and 

25 termination codons indicated* (B) Complete nucleotide 
sequence of hHR and its predicted primary amino acid 
sequence* Underlined are a 5' in-frame termination 
codon upstream of the predicted initiator methionine 
and four potential polyadenylation sites (AATAAA) * 

30 Human kidney lambda gtlO libraries (18) were screened 
with the insert from lambda HGH under the same 
conditions described for Southern analysis under 
high-stringency conditions with this probe* Overlapping 
deletions of each cDNA were obtained (36) by the 

35 Cyclone rapid deletion subcloning method (International 
Biotechnologies)* Deletion clones were 
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soqaoneed-by th<a didoosy procedure (37),. and any gaps 
or ambiguitiGS ueeo gosolved by tfife chefcieal cleavage 
method (38) o BH& sequences w©ro compiled and analysed 
by fcho programs of Dover ©us^ <st si* (39)' and Staden 
5 (40) o 

Amino acid homology of mineralocorticoid 
receptor with glucocorticoid receptor o The primary 
amino acid sequence of ME has been aligned with that 

10 of hGR for maximum homology by introducing gaps as 
indicated by dots* Numbers were taken from Pigs* 
IV-2(B)-1 and IV-2(B)-2 for hMR and from Figure 1-2(1) 
and 1-2(2) for hGJU Ho significant homology was Sound 
upstream of the region shown<> Vertical lines indicate 

15 identical amino acid residues* Arrows show putative 

boundaries of the DNA-binding (DNXJ and steroid-binding 
(Steroid) domains o The amino-terminal border of the 
DNA-binding domain was arbitrarily defined by the first 
conserved cysteine residue while the carboxyl-terminal 

20 limit was chosen on the basis of autagenesis studies 

which indicated sequences necessary for DNA-binding and 
transcriptional activation (15) . Several conserved 
basic residues that follow the DHA binding domain may 
also be important for these functions « The limits of 

25 the steroid-binding domain, while defined by the. region 
of amino acid homology, are also consistent with 
mutational analysis * Single letter abbreviations for 
the amino acid residues ares A, Ala? C, Cys? D, Asp? E f 
Glu? F, Phe, G, Gly? H, His? X, lie? K, Lys? L, Leu? H r 

30 Met; N, Asn? P, Pro? Q, Gin? R, Arg? S, Ser? T, The? V, 
Val? W f Trp? and Y„ Tyr» 

P^gtirP TV -d r&> . (TK) r (C\ and fPH 

Steroid-binding properties of expressed hMR* 
(A) Structure of pRShMR, the hMR expression plasmid 
35 (41)- (B) 'scatchard analysis of tritiated aldosterone 
binding in extracts prepared f rom. .pRShMR-transf ected 
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COS cells. Bach point was assayed In triplicate with 
100 micrograms of extract protein in a 200-aicroliter 
incubation at 0°C for 2.5 hours. The nonspecific 

5 binding determined with a 500-fold excess of unlabeled 
aldosterone was approximately 20 percent of total 
counts. No specific binding was seen in 
mock-transfectsd cells. (C and D) Competition of 
unlabeled steroids for binding with 5 nM 

10 [3Hjaldosterone in transfected COS cell extracts. The 
results of two independent trials representative of 
these competition experiments are shown. Cold 
competitor was present in 1-, 10-, or 100-fold molar 
excess. The value for 100 percent binding was 

15 determined by subtracting the number of counts per 
minute bound in the presence of 1000-fold excess of 
unlabeled aldosterone from the counts bound in the 
absence of competitor. Abbreviations: Aldo, 
aldosterone/ Doc, deoxycorticosterone; Dex, 

20 desamethasone; Spiro, sprlonolactone; E21, 17 

beta-estradiol; CS, corticosterone; BC, hydrocortisone; 
and Prog, progesterone. Subconfluent COS cells were 
transfected by the DEAE-dextran method (42) with 10 
micrograms of pRShMR per dish. Cells were maintained 

25 for 2 days in DM EM (Dulbecco's modification of Eagle's 
minimum essential medium) with 5 percent 
charcoal-treated fetal calf serum, then harvested [in 
40 mM tris-HCl (pH 7.8), 10 mH NaCl, 1 mM EDTA, 10 mN 
Na2Mo04, 5 mM dithiothreitol, antipain (5 

30 microgram/ml) , leupeptin (5 micr ogr am/ml ) , and 500 
microM phenylmethylsulfonyl fluoride. After 
centrifugation at 15,000 x g for 10 minutes, extracts 
were adjusted to 100 mM NaCl and 5 percent glycerol 
before binding. Labeling reactions with 

35 [3h] aldosterone (specific activity 78 Ci/mmol, 

Amersham) were incubated for 2.5 hours at ooc in a 
total volume of 200 microliters, and then for 10 
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ainutea utth 20 ©ieroliters of 50 percent 
dextran-coaecad c&areoal (10s 1 aetivatofl 
eh&rco&lsdestraa) o After eeatrifugatioa at 15^000 s g 
fog 2 minutes at 6°C? tritiu© in supernatant w&s 
5 quantified by liquid scintillation spectrophotometry o 

Plani^J^^Li^ l , (ft! and fCY„ 

Transcriptional activation of M&SV LTR by h£m 
and hGR espies si on pi asm ids in transfected CW1 cells<, 
(A) Structure of G£3CAT 0 This pi as aid Has cotgaasf ©cted 

10 with the steroid receptors as a reporter gene foe 
hormone-dependent transcriptional, activation (see 
Experimental Section. II) . (B) Differential CAT enzyme 
activity found after h*3r or hGR transfection with 
normal serum 0 Transfected cells were maintained in 

15 DMEH" with 5 percent fetal calf serusio Serua Has 

treated with charcoal to eliminate* free steroids in 
subsequent experiments so that the* effects of exogenous 
steroids could be determined* (C) Differential 
induction of CAT activity by aldosterone or 

20 dexametbasone in cells transfected with hMR or hGR* CVI 
cells were cotransf ected with 10 micrograms of either 
pRSVgal (control) f pRShMR, or pRShGR alpha and 10 
micrograms of the reporter GMCAT and cultured in the 
absence (-) or presence of 10 nH aldosterone (A) or 10 

25 nM dexametbasone (D) o AC, 3-acetylchioramphenicol; C, 
chloramphenicol o Two days after transfection by 
calcium phosphate coprecipitation (43) r extracts were 
prepared for CAT assay (44) * The assays were incubated 
for 6 hours with 50 micrograms of protein extract* 

Northern analysis of mineralocorticoid 
receptor aRNA's in rat tissues* The 127 0-bp JtfiaRX 
fragment (1770 to 3 040) from lambda hklO was used as a 
probe for the expression of homologous mHNA r s in rat* 
35 Ten micrograms of poly (A) ^ mRNA was used in all lanes* 
Migration of ribosomal RNA's (28S and 18S) are 



EXHIBIT 13 



270 



PCT/US87/02782 
-126= 

indicated for sis© aagtcees. After hybridisation under 
etringanfc conditions, the filter was cashed twice for 
30 siautos oaeh tiao in 2 s SSC with 0 o l poreont SDS at 
58°C. 

Chrososomal localization of hm gene by 
Soothsrn analysis of aicrocell hybrids o The- 
construction and characterisation of these hybrids has 
been previously described (32). The human chromosome 

10 content of each is as follows? HBm-4A (chromosome 20) , 
HDa-5 (chromosome 14 and an unspecified E group 
chromosome), HDm-9 (chromosomes 20, 14, and 21), HDm-15 
(chromosomes 21, 11, and 4), HDm-20 (chromosomes 7 and 
14), and HDm-1132B (chromosome 4 only). Human (HeLa) 

15 and mouse (3T0) control DNA samples are also shown<> 
Genomic DNA from microcell lines (10 micrograms) was 
digested with BssRI and subjected to electrophoresis 
through a 1.0 percent agarose gel, transferred to a 
nylon membrane (Nytrani Schleicher 6 Schuell) , and 

20 hybridized with a hHR cDNA probe under high-stringency 
conditions (Pig. IV-1 (A) ) . Radioactive probe was 
synthesized by the Klenow fragment of B . ffsheri,sb . jA £Sli 
DNA polymerase from two randomly primed (45) hMR cDNA 
templates (the 1000- and 800-bp £saRX fragments of 

25 lambda hk2) . The sizes of fiindHX-digested lambda DNA 
fragments are indicated next to the autoradiogram. 

Schematic amino acid comparisons of the hGR, 
hMR, and rPR structures. Primary amino acid sequences 

30 have been aligned schematically with the percentage 
amino acid identity indicated for each region of 
homology in the intervals between dotted lines. The 
amino acid position of each domain boundary is shown 
for each receptor. N and C represent the amino and 

35 carboxyl termini, respectively. Cys corresponds to the 
cysteine-rich region encoding the putaive DNA-binding 
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domain vhile Steroid (Cortisol, aldosterone, or 
progesterone) designates the steroid-binding domain. 
The immunogenic region (IMM) of the hGR is also 
5 indicated. Amino acid residue numbers are taken from 
(see Experimental Section I) for bGR, Loosfelt, et al. 
(11) for cP&r and from our data for hKR. 
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Por the removal of endogenous steroids* washed 
charcoal vas added to serum [2 9 (dry weight) 
per 100 ml] and incubated at 37©C for 40 
minutes then at 55©C for 30 minutes* Charcoal 
vas removed by filtration through 0.45 then 
0,2 microm filters* 

. No human cell lines have been reported to 
express high-affinity aldosterone-binding 
sites* Northern blot analysis of human ovary 
UNA revealed two hybridising UNA species 
approximately sized at 6 and 4 kb. No 
aldosterone-binding activity has been reported 
in ovary* 
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Sillinghamr Xo'.Pastanp BoBo Howard* S&o&z. 
JS^JL^gad^ Sci^_nS&, 7Ssfi777 (1982)] was 
digested yith fiiadXXE and Ig&E? sad the 
HifidSXX-SB&X £ ragmen t containing pBR322 
sequences , . th® RSV LT& ff and th© SV40 
polyadenylation site was also repaired*, 
Ligation of the hHR fragsenfe to the fragment 
from pRSVC&S yielded a vector tfhicb, in the 
correct orientation* has hMR coding sequence 
driven by the HSV promoter Sites. bracketed in 
Pig 0 IV«4(A) were lost in this cloning step* 
To improve translational efficiency several 
upstream initiation and termination codons in 
the 5 '-un translated region #ere deleted by 
digesting the vector with AasI to remove an 
~200-bp sequence froa the mp!8 polylinker to 
position 188 in the hHR S'-UT regiono 
Finally/ an Hdal-l inker ed SV40 origin of 
replication was introduced into the M&X site 
(12) to generate pRShKRo 
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IDENTXFXCATXOH OF A NS? CLASS OF 
ST2R0XB HORMONg SBCSgSOHS 
3t__\ TfiTOOPncglOH 
Tho gonads end adrenal flaeS® psedueo a large 
variety og steroids classified into five aajos groups 
which include tho ostrogans, progestins, andsegsas, 
glucocorticoids and jsineraloeorticoidso Gonadal 
steroids control the differentiation and gro«th of the 
reproductive system, induce and maintain se««al 
characteristics and modulate reproductive behavior. 
Similarly, adrenal steroids influence differentiation 
in addition to their vital roles as metabolic 
regulators Despite this wide rang® of physiological 
actions, the effects of each steroid rost primarily 
upon the specific cognate receptors »hich it binds, and 
therefore steroid hormone action sight be mora 
precisely classified according to the receptors that 
mediate their biologic action. The successful cloning, 
sequencing and expression of the human. glucocorticoid 
receptor (hGR) cDNA Experimental Section X, which 

was published as refo 1), soon followed by those 
encoding the estrogen2,3 {h ER), progesterone* (hPR) , 
and mineralocorticoid (hHR receptors) Experimental 
Section XV, which was published as re£. 5), plus 
bomologues from various B p.ei..«""r fche fitSt 

opportunities to study receptor structure and the 
aolecular mechanisms by which these molecules modulate 
cene expression". Sequence comparison and mutational 
analysis of these proteins reveal structural features 
common to all classes of Ceroid hormone receptors (u» 
Experimental Section XX which was published as ref . 12; 
also «e» ref s. 13 and 14). Xn particular, the 
receptors share a highly conserved cysteine rich 
region, now referred to as the DNA-tau domain, that 
contains all the information required for both 
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DBA-binding aad traas=activati©a functions ©2 fcho 
glucocorticoid receptor^ The pzeseaeo ©2 a season 
segaeat betweaa seeGpfeers provides tho possibility of 
. scanaiag the goaose for EQlafeod geae pcoducts. fos 
esaaple, bMR cDNA woo ioelatod by uoing the h<SR no a 
hybridisation probe Hsposiseatal Saefciea XV, whieh 
has been publishes as .rof. S). Ono way that nolecular 
biology can advance ©ar understaadiag ©f health and 
human disease and the physiology that governs these 
events is through the ideatif ieatioa of now hormone 
response systoas. la this study, using tho highly 
conserved DNA-tau region of the huaan estrogen receptor 
cDNA as a hybridization probe, we have isolated two 
15 cDNA clones encoding polypeptides that comprise the 
structural features of tho steroid hoeaone receptors. 
y. a. cpw& pr>a receptor" hBft&l. 

One approach to seareh for unrecognised 
hormone response systems is to systematically employ 
20 reduced stringency hybridisation to screen recombinant 
DNA libraries for novel hormone receptors. The DNA-tau 
segment of the estrogen receptor was used to initiate 
these studies. Analysis of a lambda gtlO huaan testis 
cDNA library identified 3. positives at a frequency of 
25 one clone per 3 x 105 recombinant phages. Nucleotide 
sequence analysis revealed that two of these clones 
actually encode the estrogen receptor while the third 
one, spanning 2.0 kilobases and named lambda hT16, 
showed only partial sequence homology. In turn, this 
clone was used to screen human fetal kidney and adult 
heart cDNA libraries, resulting ia the identification 
of 3 additional clones. Both clones from the kidney 
library,, lambda hK£4 and lambda KA1, represent the same 
gene product as laabda hTlfi while the cardiac dx>ne, 
35 lambda hH3, is only partially related. The coaposite 
sequence of the three cDBA's sharing identical 
sequences,. herein referred to as hERRl, is shown xn 
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Figures V-1(B)-1 and V-l(B)-2. Assuming a poly (A) tail 
of -150-200 nucleotides!?, this sequence ("2430 nt) 
must be neatly full length. The cONA insert from lamb- 
da hJCAl contains nucleotide 179 to 2430 while lambda 
hKE4 represent a rare messenger UNA splicing error with 
deletion of exon 2 and insertion of intron sequences. 
The exon/intron boundaries suggested by lambda hK£4 
were confirmed by cloning and partially sequencing the 
genomic fragments encoding this gene (data not shown). 
The sequence surrounding the first AT<5 agrees with the 
concensus described by Rosa** 8 for a translation 
initiation site. An open reading frame of 521 amino 
acids predicting a polypeptide of Mr 57300 is flanked 
by a 775 nucleotide 3 '-untranslated region. 
l5 y , r. onm rTiP MB PF>P PRPBPTOB HBRR2 

The characterization of clone lambda hfl3 re- 
veals it to encode a unique polypeptide highly related 
to hERRl. Figures V-2(B)-1 and V-2(B)-2 show the 2153 
nucleotide sequence of lambda hB3 and the primary 
2.) structure of the protein product designated hBRR2. The 
translation initiation site was assigned to the 
methionine codon corresponding to nucleotides 100-102 
because this is the first ATG triplet that appears 
downstream from an in-frame terminator TGA (nucleotides 
25 31-33) . An open reading frame containing 433 amino 

acids encodes a polypeptide of Mr 47600 and is followed 
by a 3 '-untranslated region of 752 nucleotides. 

As mentioned earlier, steroid hormone 
receptors are composed of distinct functional domains 
that can be identified by sequence analysis**. The 
predicted hERRl and hERR2 polypeptides contain the 
expected domain features of steroid receptors. Amino 
acid comparison between hERRl and hERR2 ahows that 
these two proteins have divergent amino termini and 
that no homology can be detected with other classes of 
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receptor within this region (data ae^'ubwa) o This 
finding is in agreement with previous eoapariaon 
studies (aaa Isporia®ntai Soctioa TV* also xteja refs*, 

5 5,8*10,14) which showed this region to be hyper variable 
in sequence o &ligaseat of the carboxy-terainsl region 
of faEBRl* hERR2, hE& and hG& (Figo V-3)*ohows that the 
highest degree of homology betwoan thoso proteins is 
found in a cysteine-rieh region of amino acids Q 

10 corresponding to the DH&«tau domain (AAR Bsporiaental . 
Section IX? also suaA ref o IS) of the steroid hormone 
receptors, located between amino acid 175 and 240 of 
hERRlo There is a $1$ aaino acid identity, in the" 
comparison of hERRl with h£RR2, 68fc with h£R and 56$ 

15 with hGRo Th® positions of the 9 cysteine residues are 
strictly conserved but the absence of a histidine 
residue at position 206 of hERRl aad position 134 of 
hERR2 marks a major difference with -the previously 
described steroid hormone receptors. It was originally 

20 thought that this histidine residue might be involved 
with the conserved cysteine residues in the formation 
of a DNA-binding finger. The recent demonstration that 
this histidine residue is also absent in the 
corresponding amino acid sequence of the vitamin D 

25 receptor 19 f another member of the ligand-binding 

transactivation factor supesf amily, suggests that 2n 2+ 
atoms interact exclusively with. cysteine residues in 
. order to coordinate the formation of the proposed 
DNA-binding fingers present in those proteins. The 

30 putative steroid binding ^domain, positioned between 
amino acid 295 and 521 of hEREl, shows 63ft identity 
when compared to h£RR2, 36$ to hER and 28ft to hGRo 

V. R. TT5SH F DTSTRTBUTIQN _Q£ 
fflPV&gg FOR fiE^PI &wa-KSRR2 

35 steroid receptors are expressed in 

characteristic tissue specific patterns that directly 
correlate to their primary physiologic effects. 
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Perhaps* the distribetion o£ these putativ© receptors 
would pgovide a elu® to febei* bifidea ideatityo 
Accordingly, total Wk isolator fees £ variety of sat 
and human tissue® wa© fractionated on 

5 formaldehyde-agarosG g©l electrophoresis and 

transferred to nitrocellulose filterso Using lambda 
hKAl as a probe, a 2oS £b mRNA encoding h£RRl Has 
detected in all sat and human tissues analysed, with 
surprisingly high levels in the cerebellum and 

10 hippocampus and the lowest levels seen in the liver , 
lungs, seminal vesicles and spleen (Fig 0 V-l(&))« 
Thus, it appears that the hERRl gene is widely and 
abundantly expressed, although present in much higher 
levels in the rat central nervous system. In contrast 

15 to the hERRl mRNA expression pattern, the distribution 
of the mRNA encoding the hERR2 protein is restricted to 
a few specific tissues where very low levels of raRNA 
can be detected (Fig 0 V-4(B))o. Using a probe derived 
from the clone lambda hH3, a 4.8 Kb mB&K Has detected 

20 in kidney, heart, testis, hypothalamus, hippocampus, 

cerebellum and rat prostate. However? no hybridisation 
could be detected in the human placenta or prostate* 
Considering the difference in exposure time and the 
resulting signal intensity, levels of h£RR2 raRNA are 

25 approximately 10 to 100-fold lower than that of hERRl o 

V. P- HOM OLOGY BETW EEN hERRl AND hERR2 

Prior studies indicate that the degree of 
homology of the ligand binding domains between the 
steroid hormone receptors reflects the structural 

30 r elatedness of their Uganda. For example the hGR, W3R 
and hPR, which show 56S identity in their ligand 
binding domains f aee Experimental Section IV) Q bind 
closely related hormones* Indeed the hflR binds 
glucocorticoids with an affinity equal to that of 

35 aldosterone, and also binds progesterone with 

relatively high affinity Experimental Section IV) . 
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Xa the case of the hl&R gene products Q a&ia© acid 
sequence homology reveals a relatively ®okg distinct 
relationship with hSH, 700 in the DM°tan regioa and 
3S0 in the steroid binding region (Fig e V-S)o ^hese 

5 levels of homology are lower than thoso obseev@d 
between hGSL s hMH and hPR and thus predict that the 
putative hEEH proteins interact with a class of steroid 
hormones distinct fro® the estrogens,* However ? the 
homology between hBRRl and hERR2 suggests that they are 

10 receptors for either a single or two closely related 
steroid metabolites*. Preliminary~ster6id binding 
studies using the products of ±& x±£xsx translation of 
capped SP6 RHA produced from hERHL and h2RR2 coding 
sequences or expression of the two cDM&°s in COS-i 

15 cells (zej* Experimental Sections IV and XI) have failed 
to demonstrate binding of any major classes of 
steroids , including estrogens and androgens*, 

V. C. CONCLPSIOH 

The tissue distribution of h£RHl and hERHZ . 

20 mRNA's expression suggests that each putative receptor 
will control distinct biological functions*. How might 
the functions of these steroid hocmone receptors have 
been overlooked? Most likely many of their activities 
have erroneously been attributed to other receptors 

25 with differences being classified as atypical effecto 
The recent identification of neuronal steroids 20 ' 21 
provides evidence for new steroid hormones with 
possible paracrine actions within the braino Such 
systems could have easily escaped previous 

30 physiological detection Thus, the isolation two novel 
steroid hormone receptor cDNA's marks the first step 
toward identifying a new hormone response system* 

V. TT. nSTATT.ro DESCRIPTION OF PXGPRES 
REPRR3ED TO Ttt F^YPP.RTMRWTRTi SECTIQM,^ 

35 Figure v-I — fft) and (B) « 

Restriction map (A) and DNA sequence and 
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predicted aaiao°aeid sequence (B) of h£RRl 0 .Jfc* The 
composito C0H& for hEKBl is represented at the top, 
t?ith aoneodiag (thin line) and ceding (stippled 
portion) sequences indicated*, Comson ^-nucleotide 

S restriction ensyae sites are dgawn above tbQ linear 
siapo Overlapping eDSA inserts used to determine the 
sequence are shomio The travy line near the S° end of 
lambda hKE4 indicates divergent sequence,. 
Nucleotide sequence of the composite hERRl eDNA with 

10 the deduced amino acids given above tb© long open 
reading framGo 

pipnrg. V-T (A) and fBl J^hodK o 

The clone lambda hT16 was isolated from a 
human testis lambda gtlO cDNA library (Clonetech) using 

IS a nick-translated 22 446-bp SglX-lasHI fragment isolated 
from pBRS45, a linker-scanning mutant 12 derived from 
the h£H eDNA (Vo Giguere and RoH, Evans? unpublished 
data) o The hybridization mixture contained 356 
formamide, IX Denhardt's, 5X SSPE, Oolfc sodium dodecyl 

20 sulfate (SDS) 9 100 micrograms ml" 1 denaturated salmon 

sperm DMA and 10$ c.p.sia ml -1 of 32p«iabeled BslI-SfiffiHI 
fragment (>108 cpm/microgram) * Duplicate 
nitrocellulose filters were hybridized at 42°C for 16 
h, washed three times for 20 rain each in 2X SSC, 0„1S 

25 SDS (1 X SSC°150 mM Nacl, 15 mH sodium citrate) at 55<>C 
and autoradiographed at -70<>C with an intensifying 
screeno The clones lambda hKE4 and lambda hKAl were 
isolated from a human kidney lambda gtlO cDNA library 23 
using the nick-translated insert from lambda hTlSo For 

30 this screening, the hybridization mixture was modified 
to 506 formaaide a id washing conditions to 2X SSC with 
0.1ft SDS at 68<>Co The cDNA clones were digested with a 
number of restriction enzymes and the resulting 
fragments were subcloned in both orientations into the 

35 M13 sequencing vectors mp!8 and mplS and sequenced by 
the dideosy procedure 24 , and any gap or ambiguities 
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were resolved by the chemical cleavage method**. DHA 
sequences were compiled and analyzed by the programs of 
DevexeiiXr et al»26 an< j staden 27 . 

5 Restriction map (A) and DNA seqaence.and 

predicted amino-acid sequence (B). of h£RR2, A r 
Schematic representation of hERR2 . cDNA; some common 
restriction enzyme sites are indicated. The stippled 
box represents the predicted open reading frame* B, 

10 The complete nucleotide sequence of lambda hH3 is shown 
with the predicted amino acid sequence given above the 
long open reading frame. A short open reading frame in 
the 5* untranslated region is shown in bold type. 

15 The clone lambda hH3 was isolated from a human 

heart lambda gtll cDNA library (gift from Or* L.A. 
Leinwand, Albert Einstein Col. of Med.) using a 
nick-translated 700-bp EeoRi-smai fragment representing 
the 5 'portion of lambda hKAl. Hybridization and 

20 washing conditions and sequencing strategies were as 
described in Pig. V-l(A) and (B) for the screening of 
the human kidney library. 

Amino acid sequence comparison between the 
25 car boxy-terminal regions of hERRl/ hERR2 r the human 

oestrogen and glucocorticoid receptors. The four amino 
acid sequences were aligned for maximum homology by 
introducing gaps as indicated by hyphens. Numbers were 
taken from Pigs. V-1(B)-1 and V-l(B)-2 and V-2(B)-1 and 
30 V-2(B}-2 for hERRl and hERR2 f from Figure 1-2 for hGR 
and Green, et al. 2 for h£R. Amino acid residues 
matched in at least three of the polypeptides are 
boxed. The asterisk above residue 206 of hERRl 
indicates the position of the histidine residue present 
35 in the hER sequence but absent in both hERRl and hERR2 
sequences. 
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g<mtro V°<A IM and (Bio 

Bogthern blot hybridisation aaalysis of hERRl 
(A) and hBRS2 (B) aRH&'s in rat and human tissues. 
n-m>» V-a and fB)-Hgfehflflfl. 

5 Total RHA was isolated from various tissues 

using guanidine tiocyanafe© 28 , separated on 15 
agarose-foraaldehyde gel* transferred to 
nitrocellulose, and hybridized under stringent 
conditions using a nick-translated &£BRZ-£mX fragment 

10 from lambda hKAl (a) and a nick-translated 1192-bp 
fieflRI-aiadlll fragment from lambda hH3 (b) . Twenty 
micrograms of total RNA was used in all lanes. 
Migration of ribosoaal RNA's (28S and IBS) are 
indicated for size markers. ' The nitrocellulose filters 

15 were autoradiography at -70°C with an intensifying 
screen for 24 h (a) and 6 days (b). Apparent 
difference in migration rate of the mRNA in (a) is an 
artifact from the gel. 

20 schematic amino acid comparisons between hERRl 

and hERR2, hER, hGR and human thyroid hormone receptor 
(hT3R beta) . Amino acid sequences have been aligned 
schematically according to the functional domain 
structure of the steroid and thyroid hormone receptors 

25 superfamily 1 *. The percentage of amino acid identity 
of each receptor with hERRl is indicated inside each 
domain. The amino acid position of each domain 
boundary is shown for each receptor. 
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A c°gjdb°i BXEDXHG SITS » THE HAT 6S05JTS HORHOHS 
GSHI H2BXAT8S TRANSACTION BY EHYHOXD H0S80NB 

5 The substance 1,3, 3 -triiodothyronine (T3) 

stimulates growth hormone- gene transcription in cat 
pituitary tumor cellsl~4 0 This stimulation is thought* 
to be mediated by the binding of nuclear T3 receptors 
to regulatory elements 5* to the transcriptional start . 

10 site s ~ 8 o Understanding of the mechanism by which 

thyroid hormone activates gene transcription has been 
limited by failure to purify nuclear T3 receptors 
because of their low abundance , and by the absence of 
defined T3 receptor-DNA binding sites affecting T3 

15 regulation,. Recently, human and avian c-&rk~& gene 
products have been shown to bind thyroid hormone with 
high affinity (jsra Experimental Section III/ which has 
been published as ref * 10; also ref 9) and to have 
a molecular weight and nuclear association 

*0 characteristic of the thyroid hormone receptor* In the 
present study , we describe the development of an 
avidin-biotin complex DNA-binding assay which can 
detect specific, high-affinity binding of rat pituitary 
cell T3 receptors to the sequence 5 0 CAGGGACGTGACCGCA3 0 , 

25 located 164 base pairs 5* to the transcriptional start 
site of the rat growth hormone gene* An 
oligonucleotide containing this sequence transferred T3 
regulation to the herpes simples virus thymidine kinase' 
promoter in transf ected rat pituitary GC2 cells , and 

30 specifically bound an ia translation product of 

the human placental c-srb-A gene* The data provide 
supporting evidence that human c -erh -A gene mediates 
the transcriptional effects of T3 and also that GC2 
cell nuclear extracts contain additional factors that 

35 modify the binding of pituitary T3 receptors to the rat 
growth hormone gene T3 response element. 
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VT. B, CHARACTER TZ ATTON OF PAT GROWTH HORMONE 
n«A gPnrp KCBfl NECESS ARY PGR Ti REGOLATTOH 
f»\ PAT HH CRWB nET.RTTON ASSAYS 

To identify the da-active element in the 

5 growth hormone (GH) 5 1 flanking genomic sequence 
necessary for T3 regulation we used a series of 
S'-deleted fragments of the rat GB gene/ fused to the 
bacterial chloramphenicol acetyltransf erase (CAT) gene 
and transfected into rat pituitary GC2 cells (Pig. 

10 VI-l(A)). A 5' deletion to -235 to the transcriptional 
start (CAP) site transferred regulation to T3 
(4.6-foldr Pig. VI-l(A)), equivalent to constructions 
containing 1.7 Jcilobases (kb) or 307 base-pairs (bp) of 
S'-flanking -rat GH information (data not wfaown) r in 

15 agreement with previous studies 5 '6. (Nucleotide 
positions are numbered relative to the CAP site, 
negative position numbers being 5' to it.) Deletions 
containing less than 235bp of 5 *-f landing GB 
information could not be assayed for T3 induction 

20 because the levels of CAT expression in the absence of 
T3 were not significantly above background. To 
overcome this problem, a rat prolactin enhancer 
element!! wa3 fused proximal to fragments of the rat GH 
gene containing 181 and 110 bp of 5 1 flanking 

25 information. The S'-deleted fragment extending to 

position -181 gave 2.6-fold induction by T3 and further 
deletion to position -107 from the CAP site abolished 
T3 regulation (Pig. VI-l(A)). 

fh> CAT EN2YMATTC ASSAY 

30 To assay 3 1 deletions, fragments of the rat Gh 

gene were fused to the herpes simplex virus thymidine 
kinase (BSV £k) promoter, A fragment of the Gh gene 
extending from position -235 to position -45 from the 
CAP site produced 2.5- and 2.3-fold stimulations of CAT 

35 activity when fused to the tk promoter in native and 
inverse orientation, respectively (Pig. VI-l(B)). A 
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90~bp.£sagmeafe esteadiag feoa positioasr 235 to 145 bp 
from theGH CAP site transferred T3 regolatioa Qvsh 
more efficiently thaa the 235-45 bp ggagsenfe, and 
suggests that a negative S3 regulatory eloaoat sight be 

5 located between S3 and 145 bp froa the CA? site {Fig<> 
l(A))o CAT aesseager RBA was analyzed by a pria^r 
extension technique 12 to deteraia© whether or not the 
T3-dependent stimulation of CAT activity which was 
observed in cells that had been transfected with 

10 plasaids containing the £k promoter resulted from an 
increase in appropriately initiated transcripts. The 
235-45 bp GH fragment fused to the fefe promoter gave an 
increase of about 4 -fold of correctly initiated CAT 
mRHA in the presence of T3 {Fig„ VX-l(C)), a result 

15 consistent with the observed CAT activity measurements • 

(a\ AVTDT^ -RTnTTtt COMPLEX DMA- BINDING, AS SAX- (AflCQ 

To define further the sequences needed for T3 . 
regulation, it was necessary to document specific 

20 binding of nuclear T3 receptors to the growth hormone 
T3 regulatory element. Because attempts to map the T3 
receptor binding site by gel shift and footprint- ing 
assays were initially unsuccessful, a new assay to 
detect specific binding was devised, the avidin-biotin 

25 complex DNA-binding (ABCD) assay. Double- stranded 
oligonucleotides were prepared containing the 5' 
flanking region of the GH gene necessary for T 3 
regulation, with biotin-ll-dUTP at various positions, 
as shown in Fig* VX-2(A). Initially a 77-bp 

30 oligonucleotide (G209-146) , containing the genomic 
growth hormone sequence from positions -209 to -146, 
was usedo T3 receptors from GC2 nuclear extracts were 
labeled to high specific activity with 125I-T3 and 
incubated with this biotinylated oligonucleotide » 

35 Protein-DNA complexes were precipitated from solution 
after the binding reaction, using streptavidia 
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conjugatsd to agaross beads 0 It can be seen in Pig* 
VX-2(B) that probo G209-146 sosulted in tho precipita- 
tion of 6,906 eoPoBo of 123j«s 3 activity <, This 
represents the binding of about 3.2 fool of T3 receptor 

5 and accounts for "405 of the total T3 receptor present 
in the binding reaction Precipitation of 
125x-? 3 -labeled receptors was probe-dependent; <15& of 
total precipitated 125i«T3 radioactivity was recovered 
in the absenc® of G209-l«6o Addition of a 100-fold 

10 molar excess of unlabeled T3 reduced the precipitated 
125 r _ T3 to background levels (Figo VX-2(B)), indicating 
that the T3 binding protein that was being precipitated 
by the probe was present in limited aaouatSo The 
equilibriusa binding- constant for the T3 receptor-DNA 

15 complex was estimated to be 1.4 x 10-9fi! (data now 
shown) • 

To investigate whether the precipitation of 
labeled T3 receptors by G209-146 was dependent on 
* specific rat GH sequences r a series of biotinylated 

20 probes were prepared that had no apparent sequence 
similarity to the growth hormone enhancer but which 
were the same length as G209-146 and contained the same 
number of biotin-ll-dOTP residues« As shown in Pig. 
VI-2(B)„ the addition of 100 fmol of each probe to GC2 

25 nuclear extracts gave no measurable precipitation of 
125!- T3(> T hi a indicates that the precipitation of 
125i«x3 by G209-146 is dependent on the rat GH sequence 
contained in the probe . 

jA\ POOTPRTNTTNG ANALYSIS 

30 Although early attempts to localize a T3 

rec»r. tor binding site using conventional footprinting 
techniques were unsuccessful f variation of buffering 
conditions in the ABCD binding assay suggested that a 
footprint might be achieved with crude nuclear extracts 

35 if salt and pH conditions for DNA binding were optimal 
(data not shown) * End-labeled fragments of the GH 
enhancer were incubated with GC2 nuclear extracts and 
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dige^tGd with SNase to ?AGB analysis of the digest 
under denaturing conditions (Hg<> *TO=3) gavG two 
footprints, described .previously^ © ae 0 g these is 
shown? together with a 16-bp protected rogioa in the 

5 antiseaso strand .bettf ©on nucleotides -179 and «164o • 
This sequence? which in the sense strand corresponds to 
5° C&GGGACGTGACCGCA 3% is contained in the 
oligonucleotide probe shown to specifically bind T3 
receptors, and corresponds in position to a previously 

10 identified ^-dependent DNase~X«hy per sensitive site i& <> 
A clear footprint could not be defected in the sense 
strand itself, mainly because of incomplete digestion 
by DNase I in this G-rich regioho 

VL..C n FUNCTIONALITY OW ft jJEXGOimC^^ • 

15 To examine the function of this sequene® in T3 . 

regulation of the GH gene, site-directed mutagenesis 
was used to delete 11 bp of the footprint f rasa the 
wild-type enhancer (mutant G delta 166/177) o Addition 
of T3 to cells transf ected with mutant G delta 166/177 

20 fused to the £k promoter had no effect on the amount of 
CAT expression , although the wild-type enhancer 
stimulated £&£ expression ninefold (Pig. VT-l(B))o 
Thus, removal of the putative T3 receptor binding 
region, identified by oligonucleotide and DNAse I 

25 binding assays, abolished the ability of the GH- 

enhancer to confer T3 regulation to the promoter o 
To demonstrate that the 16 base pairs from 
positions -164 to -17S constituted a functional T3 
regulatory element, a double-stranded oligonucleotide 

30 was prepared containing this sequence with seven and 
sis bases flanking the 5' and 3 fl ends respectively « 
This oligonucleotide was inserted* in its native 
orientation proximal to the £k promoter- (construction 
G29TK, Pig. VI-l(B)). £&E expression was stimulated 

35 2. 9-fold by T3 in cells transf ected with this 

construction* Insertion of threetandea repeats of 
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35 



this aequeaeQ (construction C2S3TK) resulted in a 
five-fold atisulatiea by S30 

Tno ohert ©HgenueloetidQ uoed foe transfer of 
T3 regulation to th© preseter (6135-158) aloo 
specifically sound nueloar S3 gocQpfcor binding sito in 
G209-146, but this was discounted using ©j» 
oligonucleotide containing tao rat GH sequence from 
nucleotide positiono -177 to -235 that failed to bind 
measurable astounts of ? 3 receptors (data not shown). 
Non-biotinylated G209-14S and 6186-158 aero aloo used 
to compete for the binding of T3 receptors with 
biotinylated G209-14S; the relative affinity of T 3 
receptors for G209-146 was two- to three-fold higher 
than G186-158 (data not shown}. The apparent decrease 
in affinity for the shorter probe could result from a 
lack of bases to participate directly in the T 3 
receptor binding reaction. Shis is unlikely, because 
the limits of the ONase 1 footprint lie within the ends 
of this probe. Alternatively, GC2 nuclear extracts 
could contain other factors that stabilize the binding 
of T3 receptors to the longer proba. 

vt, p. sH MMApy mo CONCLUSIONS 

These experiments demonstrated that 29 base 
pairs of the GH gene, containing a 16-bp footprint 
extending from position -164 to position -179 5' to the 
CAP site, bound the T3 receptor, were necessary for T3 
regulation of the rat GB enhancer, and could transfer 
T 3 regulation to the promoter. To test whether 
human c-££h-A also binds to this element, an in y-Lzfl 
translation product was labeled with 35 s -methionine 

Experimental Section III). The product migrated 
as a doublet of r 0l f» Mw> m " 1pr » 1ar mRSS < M r> 48,000 
(48K) and 52K on SDS gel electrophoresis and bound T 3 
with a k<3 of 5 * 10+1* (data not shown) . The binding 
of the human c-&zh.-h la xifcra translation product to 
the G209-146 and G186-158 oligonucleotide probes 
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containing the rat GH T 3 regulatory -element ia shown in 
Pig. Vl-4. Both the long and short probes bound the ia 
7 <»m translation product significantly , but probes 
lacking homology to the T 3 receptor binding site of The 
GH gene, such as P-EGF, did not. Based on the 
estimated specific activity of [3 5s" j methionine present 
in the ia 7<+ ra translation mixture, the binding 
activity shown in Fig. VI-4 corresponds to 1-2 fmol of 
£T>-A protein. Unlike GC2-cell nuclear extracts 
containing 125i-t 3 receptors, the c-sxfc-A in Site* 
translation product was bound to the same extent by the 
long and short oligonucleotides. Similar data were 
obtained using an ia xitta translation product of human 
15 c-fiTA-A labeled with 125l-T 3 (data not shown) . These 
results indicate that the c-exa-A gene. product 
specifically binds to the identical T 3 regulatory 
sequence that is bound by T 3 receptors from GC2 nuclear 
extracts. They provide further evidence that the 
20 function of the c-*ra-A. gene product is to mediate the 
transcriptional effects of T 3 . 

Plug, et al. (1987) recently reported that the 
GH sequence between nucleotide positions -210 and -181 
was essential for the full stimulatory effect of T 3 ln 
25 transiently transfected GC cells, and also pointed out 
that this region possessed limited similarity to other 
T 3 -regulated genes. Our experiments locate the T 3 
receptor -DMA binding site between 164 and 177 bp from 
the CAP site, and also confirm the functional 
30 importance of the sequence between positions -210 and 
-181 in T 3 regulation of the GH gene._ This could 
reflect an increased affinity of the T 3 receptor for 
fragments of the GH enhancer which contain this 
upstream element ia six** «s *e observed in the ia 
35 Yitxfl DNA binding studies using crude nuclear extracts 
as a source of T 3 receptor. That .tbe.fixa. A ia xitta 
translation product binds comparably to G209-146 and 
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G186-158 is consistent with the possibility that crude 
GC2 nuclear extracts contain an additional factor (s) 
that binds to th© sequence between positions -210 and 
-181 and stabilisos the binding of tho T$ receptor to 
5 its cognate binding site«> Cooperative interactions 
between eukaryotlc transcription factors is 
v<9ll-e3tablishGd3>6 e 2>8? in soae cases this reflects the 
ability of one factor to alter the DHA-binding affinity 
of another. Such Interactions could be important in 
10 the tissue-specific regulation of thyroid hormone 

action 5 * $ o The ABCD binding assay used here should be 
useful in addressing these guestions, and it is also 
potentially applicable to any DNA-binding protein that 
can be selectively radiolabeled, either with a labeled 
15 ligand, by chemical modification or by Aa xifesfi 
translation with labeled amino acids «" 

YT r , p. n*TaTT,gp DBSmi'PTIQM-J» glSESSS 
RRFgRRED TO TM RypgRTMRNTATi SBGTIQH VI 
Fi gure t A) , fR) and (C) o 

20 Thyroid hormone responsiveness of various gene 

fusions containing rat Gfi 5 '-flanking sequences* A, 
Responsiveness of 5' and 3 9 deletions of the rat Gfc 
gene. 5 '-deleted fragments of the rat GH gene were 
fused to the CAT gene in a pSV2CAT-based vector* 8 , in 
25 which the SV40 origin of replication and promoter were 
removed. These constructions were transfected into GC2 
cells and assayed for responsiveness to T3. Because of 
low levels of basal expression of the nucleotide 
position -107 to +8 and -181 to +8 fragments, the rat 
prolactin enhancer (Prl) 11 , which is not regulated by 
T3, was placed proximal to these elements- The 
illustrated 3'-deleted fragments were fused to a t& 
promoter fragment, extending from position -197 to 
position +54 and placed proximal to the CAT gene in the 
same vector. B, Functional analysis of the putative T 3 
receptor binding site. Mutant G delta 177/166 'contains 
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20 



a deletion of 11 basoo of th© receptor binding sit® 
fgem 177-XSS bae© pairs £ros th® CM sitOo Plasaids 
G29T& and contain tho 28-bg gegioa of feho rat GB 

gene that binds the ?3 receptor in one and three 
copies, respectively o The effect of T3 'ua& determined 
by dividing the percentage conversion of 
chloramphenicol in the presenc© of 10~9& T3 by tho 
per cent age conversion in the absence of T30 triplicate 
plates were maintained in 10$ fetal calf serum stripped 
of T3 by ion exchange chromatography for two days 
before transf ection with test plasmids using 
DEA£«destraniio The cells were treated with hormone 24 
h after transfection and assayed for CAT activity after 
23 h of ¥3 exposure. Error limits, represent the 
15 standard error of the meano Bach construction was 
assayed two to five times, represents 
polyadenylation sites. C, Messenger RNA transcription 
initiation site analysis . The diagram indicates the 
33-nucleotide primer complimentary to nucleotides 67 to 
89 of the CAT coding sequence used to determine the CAP 
site of transcripts of plasmids containing the tic 
promoter. GC cells were transf ected with test plasmids 
and hormone treated as described for the experiments 
presented in panels a and bo Primer extension analysis 
^ was performed on 5 0 micrograms total RNA* Lanes A and 
E represent the extension product from cells 
transf ected with a plasmid containing the GH fragment 
extending, from positions 235 to 45 from the CAP site 
fused to the tk promoter. Lanes C and D represent the 
30 extension product from cells transf ected with a plasmid 
containing the tic promoter alone. No extension 
products were observed. ' The products shown in lanes A 
and C were from cells incubated in the absence of T3 
and those in lanes B and D were from cells treated with 
35 T3 at a concentration of 10* s Ho Lane B shows a fiindlll 
digest of pBR322„ used for size calibration (in 
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nucleotides) o 

and iCl Mefchfldfl o 
Construction of CAS expression vectors 
containing S'-flaftftiag SGquoacQ© of the sat GH gene 
from -lo7 kb to <-S bp of the CAP sit© has boon 
des«ibedllo Fusions containing the sat prolactin 
enhances were made by excising this fragment 
(corresponding to sat prolactin sequence nucleotide 
positions 1831-1530) from plassid pPSSH and ingesting 
it in reverse orientation proximal to the 5" deletions 
of the growth hormone element □ Fusions containing the 
HSV £k promoter were. made by excising fragments of the 
GH enhancer from the plasmid GPO (ref » 11) and 
inserting them into the SamHI and SbU sites of a 
15 pSV2CAT-based espression vectors prosimal to the tk 

promoter at positions -197 to +54o Alternatively, the 
GH enhancer was placed proximal to the promoter at 
positions -107 to +54 in a pUC8-based vector 20 by 
insertion into the BaaHI and Sal! polylinker sites*- 
20 Site-directed mutagenesis of the GH enhancer element 
was performed by inserting the fragment from 235-45 bp 
from the CAP site into the SSffiHl and Sail sites of M13 
mpl8o A 21-base oligonucleotide was synthesized which 
corresponded to antisense GH nucleotides -188 to -157, 
in which nucleotides -177 to -166 were deleted and 
replaced by an A nucleotide . This oligonucleotide was 
used to delete bases -177 to -166 in the GH enhancer 
using the procedure of Kunkel 2 lo CAT activity was 
determined by radioassay of methylated chloramphenicol 
derivatives after thin layer chromatography! 9 • Primer 
extension was by the method of Bisholts, et al<>12 

Hfjnrm VT-9 (M and fBI» 

Binding of T3 receptors to oligonucleotide 
probes containing biotin-ll-dOTPo A, Schematic 
representation of two oligonucleotide probes used to 
assay T 3 receptor binding to GH 5 '-flanking sequenceso 
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Heavy lines, synthesized oligonucleotides tfith 
complementary 3' QndSo fin© lino© r -l»»o* incorporated 
by filling the 5° overhangs using the large fragment of 
g qr hpr*^ h * a poll DHA polymerase* Asterisks, 

5 biotin-ll-dOTF residues* Restriction* sites for BasHX 
and agLIS age also shown., G209-146 and G18S-158 
contain eat GH enhancer sequences-^itiv tfco illustrated 
5* and '3 8 boundarieSo B, Psecipitatien of 125 I«T3 
labeled T3 receptors from GC2 nuclear extracts by 

10 various oligonucleotide probes containing 

biotin-ll-dUTP* P-EGF, PBl-B, PB2^B, and. SB4-B"axe 
oligonucleotides of 68, 53 , 55 and 58 base pairs 
containing 10, 11, 10 and 10 biotin-ll-dOTP's 
respectively * These oligonucleotides contain 

15 5 "-flanking sequences of the rat prolactin gene that 

lack apparent homology to the rat-GB sequence contained 
in G2 09-186 . Precipitations were performed using 100 
femtomole of each probe* Background, representing 125i 
activity associated with streptavidin agarose beads in 

20 the absence of a biotinylated olignoucleotide probe, 
was 1,400 c.p.m.- in this experiment* Results are 
plotted as the mean and standard error of triplicate 
points. The experiment is representative of sis 
experiments examining the sequence specificity of 

25 125 I-T3 binding* 

Isolated nuclei were prepared from rat GC2 
cells according to the technique of Dingham, et alo 22 
and salt extracted in 0*6. W KC1, 10 mM Hepes, pH 7*9, 
30 0*5 mH dithiotbreitol (DTT) , 0«2 mtf BGTA, 20 microM 
SnCl2 for 30 sain on ice* The nuclear extract, was 
desalted by gel filtration in buffer A (50 mM KC1, 20 

mM K3PO1, (pH 74o) 1 mM MgCl2, 1 roM beta-mercaptoetaol 

and 20& glycerol) and stored at -709Co_ Assay of 

35 specific binding of T 3 to GC2 nuclear receptors was 

performed as described by Samuels, et ai« 23 except that 
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T3 binding reactions were performed in buffer A in the 
presence of 200 micrograms ml-1 poly(dl-dC). To assay 
DHA binding nuclear extracts were first incubated with 
1 micron IM1-T3 (2,200 Ci mmol"!) for 20 min at 22<>C to 
label the T3 receptors to high specific activity. 
All quota (40 microliters) of nuclear extract were then 
incubated with biotinylated probes in the presence of 
200 microliters poly(dl-dC) for 40 min at 22°C. 
Protein-DNA complexes were precipitated by addition of 
streptavidin conjugated to agarose beadB (BRL) . The 
agarose beads were pelleted, washed three times with 
buffer A (1 ml) and assayed for 12S I activity. 

DNase I footprinting of the rat GB enhancer 
element by GC2 nuclear extracts. A 16-bp protected 
region in the antisense strand is shown. A second 
footprint extending from position -110 to position -40 
from the CAP site is also evident. Lanes A-C, 
Digestion of labeled GB enhancer after incubation with 
GC2 nuclear extract, using 24, 12 and 4 microgram DNase 
I respectively. Lanes p-P, Digestion of labeled GB 
enhancer with 24, 12 and 4 microgram of DNase 1 in the 
absence of GC2 nuclear extract. Lane G and M, Markers. 
The displayed sequence corresponds to that of the sense 
strand within the footprinted region. 

Hgnrr VT -" > 

The antisense strand of the growth hormone 

enhancer was labeled with 32p-dATP at its 5' end using 

T4 polynucleotide kinase after BamHI digestion of pGPO 

and treatment with calf intestinal phosphatase. The 

enhancer fragment was released from pGPO by XhaX 

digestion and purified by agarose gel electrophoresis. 

Labeled GB enhancer fragment (1 ng, 8 fmol) was 

incubated with 25 microliters of GC2 nuclear extracts 

containing 12 fmol of specific T 3 receptor-binding 

activity. The DHA binding reaction was carried but for 
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30 sifl afe 22<>C in Buffer Ao DHas® digostioa *aa for 2 
aia sfc 22oc using the above eoaeeaferatiea® ©2 B»&g® X 
in a fiaal volos© of 50 microliters*, Tho geaetioas 
*ece stopped with 20 microliters 50 @H and 10 SBSo 

5 Samples were extracted once oith phonol-chloroform? 
ethanol precipitated, and analysed by electrophoresis 
on standard 10$ sequencing gelSo 

Binding to oligonucleotides containing 64 and 

10 29 base pairs of 5' flanking GB sequanc® of rat 

pituitary cell T3 and incubated with 100 fmol G209-146, 
Gl 86-15 8 or P-EGF and assayed for binding as described 
ia Figo VI -2 (&) and (B) » Also, hc-££b-& A& 
translation product (4 microliters) labeled with 

15 35s_ met hionine was assayed for binding to these 
oligonucleotides in the presence of 10 nil T30 To 
prepare the hc-ssk-A && Y*f rn translation product r 
capped mJRHA transcripts of an hc-££&-& complementary 
DNA were used to program translation in a rabbit 

20 reticulocyte lysate systeml0 Q Reticulocyte lysates 
programmed with antisense hc-^rfe-A mRNA had no 
measurable binding activity to either, of the GH probes 
(data not shown) * * Results are plotted as mean and 
standard error of triplicate points* The experiments 

25 shown is representative of three experiments comparing 
the binding of GC2 nuclear T3 receptors to the two GH 
probes and of four experiments examining the binding of 
the hc-g£h-h in yltro translation product* 
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gYPftBTMBNTAT, SECTSPM-Sff.*. 
XDEHJXFXCASXOH Of A NOVEL SBXSOXO 
HORMONE RSCS??OR EXPRESSES XM SHE 
MAMHALXAN CEHTR&L KSRVOTJS SYSSEH 
5 yTT. A. SPMHARX 

A complementary 9»A elohe derived f sob rat 
brain messenger RHA has* baea isolated ©a tho basis of 
homology to the human thyroid hormone receptor gene. 
Expression of this complementary DMA pgeducQS a 
10 high-affinity binding protein for thyroid horaones. 
Sequence analysis end ta® sapping of this gene to a 
distinct human genetic locus indicate the existence of 
multiple human thyroid heraone rocoptors. Messenger 
RHA from this geno is eapr eased in a tissue-specific 
15 fashion with highest levels in the central nervous 
system. 

Thyroid hormones are involved in a complex 
array of developmental and physiological responses in 
20 many tissues of higher vertebrates (1). Their numerous 
and diverse effects include the regulation of important 
metabolic enzymes, hormones, and receptors (2). The 
actions of thyroid hormones are mediated through a 
nuclear receptor, which modulates the expression of 
specific genes in target cells (3-5). These properties 
are similar to the interactions of steroid hormones 
«ith their receptors and are consistent with the recent 
observation of structural relatedness between steroid 
and thyroid hormone receptors (jlss Experimental Section 

30 

YTT f t cfit.ftTTON » **rmm THVfiPTT) RfiCmPE RKA 
Despite the diversity of thyroid hormone 
action, it is generally accepted that thyroid hormone 
function occurs through a single high-affinity nuclear 
35 receptor. However, the recent characterisation of the 
thyroid hormone receptor as the cellular homolog of the 
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v-£xh-h oncogene product £&e& Experimental Section III 
and ref. 7), along with the previous identification of 
multiple c-£jcb-A genes on human chromosomes 3 and 17 

Experimental Section III- and ref • 8> r suggests the 

5 existence of multiple thyroid hormone receptors. To 
examine the possibility that the mechanisms underlying 
the multiple thyroid hormone responses may be derived 
from. the. expression of structurally distinct thyroid 
hormone receptors $ we have isolated a complementary OKA 

10 (cDNA) clone that encodes the product of one of these 
related loci. 

A putative neuronal form of the thyroid, 
hormone receptor was isolated by screening a cDNA 
library prepared from rat brain messenger RNA (mRNA) 

15 with a 1500-bp fragment of the human thyroid hormone 

receptor cDNA. i s** Experimental Section III which has 
been published as ref. 6".) From ~10$ phage, three 
positive clones were isolated, and the complete 
nucleotide sequence of the largest of these, rbeA12, 

20 was determined (Pig. VTI-l(B)). The sequence is 2079 
bp long and contains a long open reading frame of 1230 
bp with a potential initiator methionine at nucleotide 
position 325 and a terminator codon at position 1554. 
This open reading frame is preceded by a 5 f 

25 untranslated region of at least 320"bp that contains 
three short open reading frames upstream of the 
putative initiator methionine and encodes a protein of 
410 amino acid residues, with a calculated molecular 
mass of 45 kD. 

30 yrY. roMPARTSQti op tttr second thyrotp 

_ PPrBPTOR WTTH HTOBR mJOfftt TOTOOTD RECEPTOR PROTBTNS 

Comparison of the deduced amino acid sequence 
from rbeA12 with that of the human thyroid hormone 
receptor Case, Experimental Section III) reveals that 
35 the two proteins have distinct amino termini (Pig* 
VII-2) . The first 41 amino acids of the neuronal 
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pgetoin and tbo «i"t SO amino eeiis of Cbo human 
thyr©i£ aesaoao goeeptor ahotr so significant boaology, 
wbeeoao tbo earboayl fcsrsinal 3S7 asifl© ocids share 750 
neeleofeido ani 820 aaino acid ideatifcieSo She safe 

5 protein is sore relate fe© ttw ■ chichon thyroid horaone 
gocepfcor (7) both in predicted oiso and aoaelegy, ©ad 
shares 820 nucleotide sad IK sain© aeid identity . For 
geferenee, fcfao chicken thyroid hegaeao roeoptos is 
designated alpha (cTR alpha) because of its homology to 

10 previously isolatod ig£h-& genes (8), and tho human 

thyroid hormone receptor is designated beta (hTB bete). • 
Because the rat neuronal fora is aere related to the 
chicken receptor, it has been designated alpha (rTR 
alpha) o 

15 By analogy to the steroid horaone receptors, a 

cysteine-rich region in the thyroid horaone receptor is 
predicted to b<a the DNA-binding domain 
Experimental Sections III and III also aaa ref. 10). In 
this region, the rTR alpha protein has 970 amino acid 

20 identity with the cTR alpha protein and 900 amino acid 
identity with the hTR beta protoin. The proteins are 
also well conserved in the carboxyl terminal portion 
that is presumed to be the hormone-binding domain, 
again by analogy with the steroid receptors 

25 Experimental Section II/ also S££ ref. 11). This 

region of rTR alpha shows 940 amino acid identity with 
cTR alpha and 856 aaino aeid identity with hTR beta. 

3t I2 _ jr _ T ^KTTPTc ^Tnw op tb^nek mfflPT n u reByTM 

On the basis of the sequence data, it appears 
30 that the cDNA we have isolated encodes a protein 
different from the previously characterised human 
thyroid hormone receptor (^.Experimental Section 
III). To demonstrate that the neuronal Clono is a 
distinct gene product, rbeA12 was used to identify 
35 huoa n hoaologs by Southern blot and chromosome 

analyses. Human placenta DKA digested with various 
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restriction ensym©@ was separated ©a an agarose. gel, 
transferred to nitrocellulose* and hybridized with 
eith®r rat or human TE-sp<§ci£ie probe® derived froa 
overlapping regions of their reapectivQ genes (Pig 0 

5 IK) and (B})o Different hybridization patterns 

were revealed for all of the restriction ensyses 
tested, which indicates that the two cDH& B e r ©present . 
distinct genes o Th<a mmo probe froa tho rbe&12 was 
hybridised to laser-sorted chroaosoaes prepared froa 

10 husian lymphoid cells (Fig<> VXX-3(CJ}o Hybridisation 
was observed only to chromosome 17? consistent with 
previous mapping studies that localised c ^jsjch -A genes 
to. human- chromosome 17 (8) * This distinguishes rTR 
alpha from hTR beta? which is found on human chroaosome 

15 3 (s£g Experimental Section XXI) „ 

Expression studies were performed to determine 
whether the rTR alpha cDNA encodes a functional 
receptor, proteino The product of the rTR alpha gene 

20 W as first characterized by in vitro transcription 
followed by In xi£rfl translation « Por in, 
transcription, the BfiflRX insert of rbeA12 was linked to 
the bacteriophage S?6 promoter by subcloning into the 
expression vector pGEMl* A second construction.? 

25 rbeAl2B, was created in an attempt to increase the 

efficiency of translation* The 5 f untranslated region - 
up to nucleotide position 97 was deleted, which removed 
two of the three short open reading frames in this 
region* Transcripts synthesized with SPS polymerase 

30 were translated in with rabbit reticulocyte 

lysates, and the [35s]methionine~labeled products were 
analyzed on an SDS-polyacrylamide gel (Pig 0 VXX-4(A))o 
Pour proteins of approximately 52? 48, 35? and 33 kD 
were observed only when the sense strand was 

35 translated* The same four bands were observed for 

rbeA12 and rbeA12B„ These translation products were 
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then used to test thyroid hormone binding * 

Thy? ©id heraon© binding was measured with 
[125jj3^s ff 3o<. fe giiodo«L«thysonin© l^Z-T^) <> Only 

5 samples that contained the zTR alpha specific proteins 
exhibited T3 binding* Hormone affinity was determined 
by Scatchaed analysis, which gave a dissociation 
constant (K a ) of 2.9.x 10-lifl (Figo (B) ) , similar 

to the K<j observed for the bTR beta protein (S k 

10 io-Hm) (4, 5) and an order of magnitude lower than 

that determined for the cTR alpha protein (2d x 10-10 
to 3o3 s 10-1°«) ( 3-ftjR Experimental Section III) o The 
different K<3 values obtained may be due to differences 
in the assay systems used* In competition experiments, 

I 5 the eTR alpha proteins translated la 2i££fi showed the 
same characteristic affinities for L-T 3 and L-thyroxine 
(L-T4) as the hTR beta protein but revealed a different 
pattern for 3 ,5 ■ ,3 '-triiodothyroacetie acid (TRIAC) 
(Fig. VII-4(C)). TRIAC competed better for T3 binding 

20 W ith the hTR beta protein, whereas it competed about as 
well at T3 for binding to the rTR alpha proteino As 
with the hTR beta and cTR alpha proteins, there was no 
competition for T 3 binding to the rTR alpha protein by 
excess aldosterone, estrogen, progesterone, 

25 testosterone, or vitamin Dj. Thus, it appears that we 
have isolated a thyroid hormone receptor with binding 
properties similar to but not identical to those of the 
thyroid hormone receptors previously described (£££ 
Experimental Section III and ref* 7)» 

30 yr T . TT .gsnP gPECIFTCTTY STnPXBS 

The tissue specificity of metabolic responses 
to thyroid hormone led us to consider that this thyroid 
hormone receptor might be expressed in a restricted set 
of tissues. Therefore, the pattern of expression of 

35 the rTR alpha gene was determined by Northern blot 

analysis (Pig. VI 1-5) . Total RWA isolated from various 
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rat tissues was separated ea a goraaldohydo=agaeosQ 
gel, transferred to nitrocellulose, and ay&ridigod to 
the ass® gsagaeafe ©2 gboA12 eood £ez tha Southozn blot 
analysis aad eazeaoseaeaappiag o & 2<>§°k& RJJA was 
observed in all tiesaos tasted except liver o Shis 
message is ale© present ia pifeeitery aai a'Hoelo and is 
expressed in GC„ rat°l, and 5C12 cell linos., 
Densitoaetrie scanning indicated that the level eg 
expression of zTR alpha was. 10= to 20°fold as high in 
brain as in any other tissue tested. Tao additional 
RKA's of approximately 5.0 and 6.0 kb aro present in 
about equal amounts in all tissues, although they are 
nuea less abundant than the 2.6-kb aessage,, Tbosa 
bands may represent precursors of the 2.6°kb aessa.go or 
may be products of a related gene o 
15 vtt. t. prj jn™*™" amcLnsxms. 

The isolation of a second oaamali an thyroid 
hormone receptor is surprising because previous 
biochemical studies have not predicted the existence of 
more than a single receptor for thyroid heraonos* In 
retrospect, much of the clinical and physiological 
studies can be interpreted as indicating the existence 
of multiple receptors. A form of functional 
heterogeneity has been suggested by the identification 
of patients with familial thyroid hormone resistance in 
which peripheral response to thyroid hormones is lose 
or diminished, while neuronal functions are maintained . 
(12, 13) o Furthermore, severe developmental effects 
associated with low circulating thyroid hormone levels 
(cretinism) have been classified into types severely 
affecting the nervous system and those aoee 
dramatically affecting peripheral functions (13, 14). 

In addition to demonstrating the existence of 
structurally distinct forms of the thyroid hormone 
receptor, the form that we have characterized is 
expressed af high levels in the rat central nervous 
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system. Preliminary studies utilizing la aim 
hybridization have revealed high levels of expression 
in tbe hippocampus, hypothalamus/ cortex, and amygdala* 
RNA hybridization studies indicate exceptionally high 

5 levels in the cerebellum as well. Although it is known 
that thyroid hormones play a critical role in early 
brain development (14) , this high level of expression 
is unexpected because biochemical studies have shown 
that brain has fever thyroid hormone receptors than 

10 many other tissues (5, 16) r and tbe adult brain is not 
responsive to thyroid hormone by traditional phosphate 
dehydrogenase activity (17) • 

The second interesting result from the 
expression studies is that this transcript is not 

L5 present in liver r which is the tissue from which 

thyroid hormone receptors usually have been isolated. 
This absence suggests the existence of yet another form 
of the thyroid hormone receptor. This proposal would 
be consistent with the data of Underwood, et al. (18) f 

20 which indicates the existence of pharmacologically 

distinguishable thyroid hormone responses between liver 
and heart. Furthermore, data from DNA hybridization 
studies indicate the existence of multiple genetic loci 
that hybridize with the cDNA clones for the mammalian 

25 thyroid hormone receptor and suggest th^t there may be 
as many as five different related loci (Sjaa 
Experimental Section III and ref. 8). It seems likely 
that some of these loci will encode additional 
functional molecules, which leads us to propose the 

30 existence of a family of thyroid hormone receptors that 
coordinately regulate overlapping networks of genes to 
control developmental and homeostatic function. 

xrrr .t. nwniTT.gn pp grPTPTTOM OP FIGURES 
ftpPEPPRn Tf> Tq pvPgttTMEjflTft T ' SECTION VII 

35 pfjjir* fM and t*\ - 

Restriction map and nucleotide and predicted 



EXHIBIT 13 



wo wipm 



PCT/KJS87/02782 



=165^. 

aniao acid sequence of thyroid boeson© secepfco? COM 

from rat beaia 0 (&) Schematic representation of 
thyroid hogaoa© receptor eBBA from rat braia^ @oa© 
common restriction endonuclGase"elGavagQ "sites are 

3 indicated o The hatched bos. indicates the predicted 
coding regiono The 500-bp .gffliX? fragment 
(corresponding to nucleotide positions 607 to 1113) 
used for th<s hybridisation studies* iff represented by 
the solid bar belw the restriction a&Po (B) The 

10 complete nucleotide sequence of rbeAlZ is shown t?ith 
the predicted amino acid sequence given above the long 
open reading f rame<> The three short open reading 
frames in the 5' untranslated region are shown in bold 
typo with termination codons underlined., Clone rbeAl2 

15 was isolated by using the entire fififiRl insert of pheA4 
(sigma) as a nick-translated probe to screen "10^ phage 
from a rat brain cuNA library obtained from Jo Arriza 
(19) a Three positive clones were isolated g and the 
complete nucleotide sequence of the largest of these / 

20 rbeA12, was determined on both strands by the chemical 
cleavage method of Maxam and Gilbert . (20) <, * 
Fi gure 

Schematic comparison of the rat thyroid 
hormone receptor (rTR alpha) protein with the human 

25 thyroid hormone receptor (hTR beta) and chicken thyroid 
hormone receptor (cTR alpha) proteins o Numbers above 
the boxes indicate amino acid' residues; numbers inside 
the boxes indicate the percent amino acid identity 
within tho enclosed region with the rTR alpha protein. 

30 dna designates the putative DNA-binding domain 

predicted by analogy with the human glucocorticoid 
receptor (amino acids 421 to 486 of the human 
glucocorticoid receptor), while T3/T4 designates the 
putative hormone-binding domain * 

35 Figure Yir-3 fM , fB) and fC) 0 

Southern blot analysis and human chromosomal 
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localisation ©i feae gf& alpha f®na 0 Hasaa plaeaata DMA 
was digested with varieas sesfesiefeiea easysoo? 
separated on a OoSCi agagosa gol? tgaasgogged 60 
niteocgllulose, and hybridized fee sitae? a S00=bp SuiXX 
5 f gagaoafe gsoa rboAl2 (A) ee a 450°bp fragssnt froa 

hT& beta faee ispogiBQafeal Soefeiea 111) that 
encoapasses the DNA=biading segioa (B) . Both blots 
were hybridized ia 500 foraaaide, § 2 SSSS (OolSM RaCl, 
0.01H »aH 2 P04, 0.001M BDT&W 1 2 Denaardt's solation, 
10 O.lfc SDS, and salaon spera BNA (100 aiegogsaas/al} at 
42<>C, and washed in 2 x SSC (standasd saline eitgate) 
and 0.1Q SDS at 68©Co Sizes of laabda Il&dXIX Barkers 
in kilobase pairs are indicated (C) . Chcoaosoae 
aapping of the rTR alpha gene. Huaan lymphocyte 
15 chroaosoaes were separated by laser cytofluoroaetry 

(21) and hybridized under the sase conditions as above 
with the 500-bp ^ull fragaent of rbeAl2. 
F ^nrp. wi v— a m . (B) and— tCX. 

" 2a. 2i£xs translation and thyroid horaone 
2C binding of rTR alpha (A) rTR alpha was transcribed ia 
aifesa and translated in a rabbit reticulocyte lysate. 
The [35 S ]methionine-labeled products were separated on 
a 7.5S SDS-polyacrylaaide gel and visualized by 
fluorography. Lano 1, no added RNA> lane 2, rbeA12, 
which contains tbe entire 5« untranslated region; lane 
3, rbeA12B, which contains only 97 bp of 5' 
untranslated sequence. Sizes of protein aarkerss 
bovine aerua albumin, 66.2 kD, ovalbumin, 45 kDi 
carbonic anhydrase, 31 kD„ (B) Scatchard analysis of 
125X-T3 binding to ia 2i££fl translated rTR alpha 
Lysates containing ia y-USfl translated rbeA12B 
transcripts were assayed for specific thyroid 
hormone-binding activity by neasuring the aaount of 
hormone bound at different concentrations of 
125 I=T3 _ Kd0 2.9 s 10-Hm. (C) Competition of thyroid 
horaona analogs for 125i-t 3 binding to ia xi&sa 
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10 



15 



translated rTR alpha* Samples fro© rbeA12S programmed 
lygat©s w®£0 sixad wifch iacreasiag eoaeeatratioas of 
ual&bslod thyroid hormone or analogs- to 'compete with 
labeled boraene 0 Specifically bouad 12Sj«^| ^ s plotted 
versus eeaeeatratien of competitor eoapouado Tha oom© 
competition pattern was ©boervod ia four separate 
ejtpesisentSo la vJLfatA fcraaseriptioa and translatioa 
and hormone blading were peef ossed as described (22, 
23) o Open circles represent TRXACj solid circles 
represent solid triangles represent 

Tissue distribution of rTR alpha mRNAo Total 
RNA was isolated from various rat tissues with 
guanidine thioeyanat© {24), ©©parated oa a 1$ 
agarose-formaldehyde gel, transferred to 
nitrocellulose, aad hybridized with a ni6k-traaslated 
500-bp Zmll fragment from rbeA12o The tissue typo and 
the amount of total RNA loaded are indicated above each' 
lane* A cDNA of CHO-B, a Chinese hamster ovary cell 
mRNA expressed at equivalent levels in all tissues 
examined (25) , was used as an internal st'andardo 
Positions of 28S and 18S ribosomal RNA are indicatedo 
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gbsA12B, was aade by inserting the 
polymegaoo^filiod IgX-SeaX fragaent of sbeA22 
(aueleotida peeitioa 22? 6© feao pelyliakor) 
iate tao 5sa£ gito. ©2 g62M3. Por thyroid 
5 horaoas biadiag* tsansegipfeieaa woro pozgormsd 

tilth S9S polyaeraao and S fee 16 aiesogsaso of 
rbeA121 linearised with 5a£X» Traaseripts 
wosq pugi2isd by ehroaatogsaphy aad 
translated in 230 to 200 aierelitora of rabbit 
reticulolyte lysate (Seoaega Biofeee) in 
conditions suggested by the manufacturer 
Thyroid heraeae binding fog both the Seatehard 
and competition enalysos were determined in 
the same aaaner, aseept that unlabeled protein 
was used for the Seatehard analysis . 
[12Sx]3 f 3%5s??iodethysoninQ (W<aw England 
Nuclear, 2200 Ci/saol? 0o3ntt giaal 
concentration ) was aised with sTR alpha 
polypeptides synthesized ia xJS-XA (5 to 8 
microliters of the 200 aicrolitess of lysate 
per binding reaction) in T3 binding buffer at 
QOC for 2 hours in a final volume of 2S0 
microliters,, Specific hormone binding was 
determined by adding a 1000-fold excess of 
unlabeled horaone and assayed by counting 
radioactivity elating in the excluded volume 
from a Sephadex G-2S fine (Pharmacia) 0.9-by 
4.0-ea. column. 
24» Cbiegwin, J.H., Prsbyla, A.F.» MacDonald, 

30 r.j 0 , Rutter, w.r.# liae2xfiaia££X» I8s5294 
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Pgea fcao £erog©ing desesipfcieap @a@ ©£ 
ordiaary skill ia fea<s agfe ©aa uadoroeafld that the 
present iaveafciea provides sBbataatioUy. poso SNA'© 
comprised o£ seque'aeea waiea oaeedo pseteiao having the 
hosaone-binding and/or tganseEipfeiea-aefcivafeiag 
eaasacteEifities of a glucocorticoid eecepfeeE, a 
miner alocortieoid receptor, ©s a thyroid aerseao 
receptor Sao invention also provides various plasaids 
containing roeeptor sequences which oxoaplify -the DNA's 
of the invention. Exemplazy plssaids ©2 the invention 
have been deposited with the American Type culture 
Collection for patent purposes. 

The invontioa is aloe coapEised of receptor 
proteins, including sedified functional foras thereof, 
espressed froa the DWA's (or mRHA's) e£ the invention. 

In addition t© novel seeaptos BNA, SUA and 
protein compositions, the present inventioa involves. a 
bioassay for determining the functionality of a 
receptor protoin. It elso involves two new aetbods for 
producing desired proteins in genetically engineered 
cells. The first is a method for inducing 
transcription of a gene whose transcription is 
activated by hormones complexed the roceptoss. The 
second is a method for engineering a eell end then 
increasing and controlling peoductiea of a protein 
encoded by a gene whose transcription is activated by 
hormones completed with receptor proteins . 

The DNA's of the invention can be used to sake 
the hormone receptor proteins, and functional modified 
forms thereof, in quantities that weEe not previously 
possible. With the quantities of receptor available as 
a result of the present invention, detailed structural 
analyses of the proteins can now be made by using X-ray 
diffraction methods to analyse receptor crystals. In 
addition, adequate supplies of feho receptor proteins 



EXHIBIT 13 



316 



WO8S/C3160 



-172= 



PCS7US87/J2782 



aeafl that they ©aa raew be ooed to screen eoapouads £©- 
seeop«os-a90Bisga @* J?aeogt©s=aatagenist aetivity, 
availability £h@ .-occfefco- gKefeoiao als©-aeaaa~feaat- 
. they eaa bo aoed &a dia§a@efeie assays „ 

Without dopagtiag 2goa tho spUtt mS seeps of 
this inventiea, ©ao @s ©sdiaazy okill eaa aafeo vagious 
changos and aodificatieno t© the inveatioa 6© adapt it 
to vasioes tssagac and conditions. As such, these 
10 changes and aodificationa aze psopesly, equitable, and 
intended to bo, witaia the full gangs of equivalence of 
the following claias 0 
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In respect of those designations in which a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication- of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EEC) 
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In respect of those designations in which a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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In respect of those designations in which a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date, on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample- (Rule 28 (4) EPC) 
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In respect of those designations in which a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the- sample. (Rule 28(4) EPC) 
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In . respect of those designations in which, a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant, of the European patent or until the 
date on which the application has been refused or with.- • 
drawn or is deemed to be withdrawn , only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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In respect of thos© designations in whicft a European ^ 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue, of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28 {4} EPC) 
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In respect of those designations in which a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule. 28(4) EPC) 
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such a sample to an expert nominated by the person 
requesting the. sample. (Rule 28(4) EPC) 
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patent is sought , a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample* (Rule 28(4) EPC) 
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lo A substantially puso double-stranded DBA 
wherein the sense strand comprisos a segment having a 
sequence ©2 triplets., coding fee the prisary sequence of 
s protein which has hormone-binding and/eg. 
transcription-activating properties characteristic of a 
horaono receptor selected from the group .consisting of 
a glucocorticoid reeeptor* a mineralocorticoid receptor 
and a thyroid horaen© receptor* said double-stranded 
DNA segaent being capable of being expressed into said 
protein 0 

2o A substantially pure SNA according to 
Claim 1 wherein the sequence of triplets in said., 
segment codes for the primary sequence of a protein 
which has hormone-binding and/or 

transcription-activating properties characteristic of a 
glucocorticoid receptor o 

. 3o A substantially pure DNA according to 
Claim 1 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a mineralocorticoid 
22 receptor o 

4o A substantially pure DNA according. to 
Claim 1 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a thyroid hormone „ 
receptor o 

5a A substantially pure DNA according to 
Claim 2 wherein th® sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of an avian or mammalian 
glucocorticoid receptor » 
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6. A substantially pure ONA according to 
Claim 5 wherein the sequence of triplets in the segaent 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 

5 properties characteristic of the human glucocorticoid 
receptor. 

7. A substantially pure DNA according to 
Claim 3 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a mammalian or an avian 
mineralocorticoid receptor. 

8. A substantially pure DNA according to 
Claim 3 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a human mineralocorticoid 
receptor. 

9. A substantially pure DNA according to 
Claim 4 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a mammalian or an avian 
thyroid hormone receptor. 

10. A substantially pure DNA according to 
Claim 4 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of the human thyroid 
receptor. 

11. A substantially pure DNA according to 
Claim 10 wherein said thyroid hormone receptor is 
selected from the group consisting of human thyroid 
receptor alpha and human thyroid receptor beta. 

12. A plasmid selected from the group 
consisting of: pRShGR alpha (ATCC # 67200), pRShJIR 
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(ATCC 0 67201), peAlfll (ASCC 0 67244), shQ A12 (A2CC 0 
67281) , G83CAE (A2CC 067282) PB4 (A2CC 0 67309) , 
(ATCC 0 67310) , phBSBA 8o7 (A2CC 0 4037&) , ghFA 8 (ASCC 
0 40372, and phH 3 (A£CC 0 40373) 0 

13 o A DBA selected f ros th© group consisting 
of pRSh<3R-alpha (ATCC 0 67200) , the pRShGR-alpha 
modifications 19, 137, 1102, 1120, 1204, 1214, 1262, 
1289, 1305, 1346, 1384, 1403, 1408, 1422, 1428, 1440, 
1488, 1490, 1515, 1532, 1550, and 1684o 

14 o A DNA segment vhieb has (a) one triplet 
cos responding to a translation stop codon, which is in 
frame with a triplet corresponding to a translation 
start codon and downstream of said start codon triplet, 
and (b) as longest open reading fram©, a substantially 
pore segment with a sequence of triplets coding for the 
primary sequence of a protein selected from the group 
consisting of: human glucocorticoid receptor and the 
modifications thereof expressed from, the pRShGR-alpha, 
said modifications being known as modifications 19, 
137, 1102, 1120, 1204, 1214, 1262, 1289, 1305, 1346, 
1384, 1403, 1408, 1422, 1428, 1440, 1488, 1490, 1515, 
1532, 1550, and 1684; human mineralocorticoid receptor; 
human thyroid receptor, and human steroid receptor 
known as hBRRl and hERR2. 

15 o A substantially pure DNA according to 
Claim 14 wherein said human thyroid receptor is an 
alpha or beta receptor selected from the group con-* 
sisting of DNA known as hERBA 8.7-, hFA 8, and peAlGlo 

IS. A substantially pure DNA sequence 
selected from the group of DNA sequences consisting of 
the DNA sequences shown in Figures 1-2(1) and 1-2(2) 
(hGR), III-1(B)-1 and IXI-l(B)-2 (hTR beta), XII-7 (hTR 
alpha), IV-2(B)-1 and IV-2(B)-2 (hMR) , V-1(B)-1 and 
V-l(B)-2 (hBRRl), and V-2 (B) -1 and V-2(B) -2 (h£RR2) > 

17 o A substantially pure primary protein 
sequence comprised of an amino acid sequence selected 
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from the group consisting of tho amino acid sequences 
shown ia Piguses m-l(B) (hffa beta) , XXX-7 (hTR 
alpha), XV-2(B) (hi®), V-l(B) (hESRl) , aa<3 V«2(B) 
(hBRH2) o 

18* A substantially pure DNA encoding human 
mineralocorfcicoid roceptoro 

19 o A substantially pure DNA encoding human 
thyroid receptor wherein said receptor is selected from 
the group consisting of huaan thyroid receptor alpha 
and human thyroid receptor betao 

20o A substantially pure DNA encoding 
estrogen-related receptors wherein said receptors are 
selected from the group consisting of hSRRl and h£ER2o 

21o A DNA having substantial sequence homolo- 
gy with any of the DNA's claimed in any of Claims 1-20, 

22o A mutant of any of the DNA' s claimed in 
any of Claims 1-20. 

23 „ An mRNA transcribed from any. of the 
substantially pure DNA sequences claimed in any of 
Claims of 1-20, 

24« A substantially pure protein encoded by 
any of the substantially pure DNA sequences claimed in 
any of Claims 1-20* 

25o A substantially pure receptor protein 
selected from the group consisting of mammalian and 
avian thyroid receptor/ mammalian and avian 
mineralocorticoid receptor , and mammalian and avian 
steroid-related receptors hERKl and hERR2„ 

26o A substantially pure thyroid receptor 
according to Claim 25 wherein said thyroid receptor is 
selected from the group consisting of thyroid receptor 
alpha and thyroid receptor beta* 

27 o Cells transformed by any of the 
substantially pure DNA's claimed in any of Claims 1-20. 
35 28. A bioassay for determining the 

functionality of a hormone receptor (R) or an 
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Gagiaeerod geaetioaol saedigied gorm (r) iaoreog ahereia 
said guaetienal sodifiGtS form (k) has tho 
fegaasegigtiea-aefeivatiag ggepogfcios -©g roeopfeog (R), 
aafi wherein (a) and (s) ase eaeedafi by oa oxgrossibla 
DBA sequence ff oaid feieanjgay eeagglsiag 

(a) cotransfeefcing into reeepfeeg-aegafeive 
cells a £ irst plasaid eespriood Qooaafeially ef aa 
operative hormone responsive premoteg/eaoaneeg Qleaent 
functionally linfeod te an operative reporter gene, and 
a second receptor exprossien plasaid comprised 
essentially of an operative DHA sequence coding for 
hormone receptor protein (R) or a functional modified 
form (r) thereof, 

(b) culturiag said eotraasfeeted eells from 
step (a) in the presence and abseaee o£ a aosmeae? or 
analog thereof , able to activate said hormone 
responsive -promoter/enhancer element of said figst 
plasaid, 

(e) monitoring in said cells induction of the 
product of said reporter gone DMA sequence,, and 

(d) measuring in said calls the expression of 
and the steroid-binding capacity of tho hormone 
receptor protein (R) or functional modified form -Cr) 
thereof encoded by said DNA sequence of said second 
plasmid. 

25. A bioassay according to Claim 28 wherein 
said receptor-negative cells axe selected from the 
group consisting of CV-1 and COS cells. 

30o A bioassay according to Claim 28. wherein 
said first and second plasaids also contain the origin 
of replication of SV~&0. 

31. A bioassay according to Claim 28 wherein 
said first and second plasmids also contain a 

selectable marker. 

32. A bioassay according to Claim 28 wherein 
said operative hormone responsive promoter/enhancer 
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eleaent is selected from the group consisting of mouse 
aaa&azy feasor virus long torainal repeat (MfV LfV) and 
and maraaalian growth hormone preaetsg, and said 

roporter gene io CAT, 
5 33. A bioassay according to Claia 28 wherein 

hegfflono gaeeptor pgotoia (R) is a receptor selected 
from the group consisting of glucocorticoid gocepfeor 
(GR) , aineraleeertieeid receptor (HR) and thyroid 
receptor (TR) > 

10 34. in a cell (C) which contains gene (G) , a 

gene whose transcription is substantially activated by 
hormone (H) , or an analog (aB) thereof » when (BJ or 
(aB) are complexod with receptor (R) or a functional 
modified form (r) thereof, and when said 1(B) or 

15 (afl)/(R) og (t)J complex is bound to a transcriptional 
control element on the chromatin where gene (G) is 
located, a method for inducing expression of gen® (G) 
and consequently production of the protein (?) coded 
for by gene (G) , said method comprising! (1) $ 

20 expressing in cell (C) a DNA encoding receptor (R)' or a 
modified functional form U) thereof which has the 
transcription-activating properties of receptor (R) , 
and (2) , increasing the concentration of hormone (H) or 
analog (aH) in cell (C) to a level sufficient to induce 

25 expression of gene (G) , and consequently production of 

protein (P) . 

35o A method according to Claim 34 wherein 
said increase in said concentration of said hormone (BJ 
or analog (aB) is controlled so as to control 
transcription of gene (C) , and thus production of 

protein (P). 

3 6. A method according to any of Claims 34 
and 35 wherein said cell (C) is a eukaryotic cello 

37o A method according to any of Claims 34 
35 and 35 wherein said eukaryotic cell (C) is a mammalian 
cell. 
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38. A method according to any of Claims 34 
and 35 wherein said eukaryotic cell. (C) Is a human 
cell. 

39. A method according" to any of Claims 34 
and 35 wherein hormone (H) Is a hormone selected from 
the group consisting glucocorticoid hormones , 
mlneralocortlcoid hormones and thyroid hormones, and 
analogs thereof. 

40. A method according to any of Claims 34 
and 35 wherein receptor (R) isa receptor selected from 
the group consisting of glucocorticoid receptor, 
mlneralocortlcoid receptor/ and thyroid receptor. . 

41 . A method for engineering a cell and 
producing a protein (P) that is encoded by a gene (G) , 
a gene whose transcription is _s^s tanti al ly activated 
by hormone (H) , of an analog (afl) thereof, when (H) or 
(aH) are complezed with roceptor (R) or a functional 
modified form (r) thereof, and when said [(H) or 
(afi)/(R) or (r)] complex is bound to a transcriptional 
control element on the chromatin where gene (C) is 
located, said method comprising: (1), placing gene (G) . 
in cell (C) so that gene (G) is under the control of a 
transcriptional control element that can be activated 
by a [(H) or (aH)/(R) or (r)] complex when bound to 
said transcriptional control element; (2), transforming 
cell (C) with a DNA coding for receptor (R) or a 
functional modified form (r) thereof which has the 
transcription-activating properties of receptor (R) , 
and; (3), increasing the concentration of hormone (H) 
or analog (aH) in cell (C) to a level sufficient to 
induce and control expression of gene (G) , and 
consequently production of protein (P) . ' 

42* A method according to Claim 41 wherein 
said cell (C) is a eukaryotic cell* 
35 43* A method according to Claim 42 wherein 

said eukaryotic cell (C) is a mammalian cell* 



20 



25 



30 



EXHIBIT 13 



334 



WO 83/03!<S3 PCT/US87/02?82 

-190- 

04. A aofcaofl accoriiag fee say ©2 Ciaia 43 
whegeia said eefeogy©6ie coll (C) 4o a aosaa eello 

03 0 A sefcaefi aecesiiag fee Claia 01 vhossln 
hegsoae (H) is a hegseao seloctod isoa the eseup 
5 coasisting gliseoeegfeieeifi aesseaes, siaegal©e©gfeie©id 
aogmones end febygeifi feegaenos, and analogs thegG©£<> 

06. A sefched ae§©g3iag fe© Cloia 01 whegein 
geceptog (R) is a zaeaptos aeleefceS f g©a feao fgoup 
consisting of glaeoeogtieeiS geeegfe©g» 
stinegaleeogfeieeid gecepfcoz, and fchygeiS geeegfeeg. 
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1Q 30 
CAATTGAACTGAAT(^AACAGAACC^ g 0 

BotGluClnLyoProSQrLyoVQlGluCyoGly3orAoDPro6lueii^fi3orAlQ^g3orProAs9SlrtyaAfg 
30 40 30 

MMCAMGMCCCCCAATCTTCCCTCAAM CC ACaATCTCAGBCT 180 
LysArgLyoAoncry6lftCyoSofLouLyoTftr$orUotSoraiyTyf I loProSorTyrLotiAc^LyoAopGluGlncyoValVa iCyo 

30 70 80 

CC6GAC AACCCAA CT GCTTATCACTACCCCT QTATCACTTST6ACCCCTCCAA6SCCT7 CTTTC6CCGCACftATCCAQAA6AACCTOCAT 270 
C I yAapLyoA I oThr 6 1 yTyrHI oTy r Ar gCyo 1 1 oThrCyoGI uG I yCy oLyoG I yPhoPhoArgAr gTOr 1 1 oC I ntyaAantouH » o 

90 100 110 

CCCACCTATTCCTGOUATATC^CAOTCX^ 3Q0 
proThrTyrSor CyoLyoTyrAopSorCyoCyoVa 1 1 loAopLyol I oTh r ArgAxftC I nOysG I nCcuCyaArgPheLysLysCy a I la 

120 130 140 

GCCGTG<»GCATGGCGATGGACTTGGTTCTA<MT<&CTC 490 
AUVaiciryetAtaWotAcoLouVQlLcuAopAoDSortyoArgVolAlaLyaArgLysLouI loG(u6lr\AonArgGluArgArgArg 

150 100 170 

AACGAGtLAGATGATCCGATCACTGCAGCAGCCAC 340 

LysGluGluwoti loArgSortauGiAGinArgProGluProThrProGlueiuTrpAapLoul loHlol loAlafhrGluAlaHloArg 

180 190 200 

AGCACCAATCCCCAGG<XA£CCAn6GAAA^GA^ 035 
SerThrAQnAiaOlnOtySorKlsTrpLyoCinAreArgtysPhQLeuProAspAspMQGlyGtnSorProl loVa ISortetProAap 

210 220 230 

CCACACMegTCCACCTCGAACCCTTCAGCC^GTmCCAACAT^ 720 
GlyAapLyaValAspLouGluAlaPhoSerGluPheThrLyollol leThrProA I o I loThrArgVo IVolAooPhoAlaLyotyolou 

240 250 280 

CCCATGUCTCO^GCTGCCTTGCGAAGACG^ 810 
ProWetPhoSerGluLouProcysGluAspGinl lol loLouLouLyoGlyCyoCyawotGlul loHotSorLouArgAlaAlaValArg 

270 280 290 

TACI1&CCCTGAGAGCGACACCCTGACGCTGACTGGGGAGATGGCT 900 
T/rAApProGluSorAspThrtouThrLouSorGt/GluMetAloVQlLrsArgGluGlnLouLroAsnGlyGlyLeuGtyValValSor 

300 310 320 

GACOTAT(rrTTGAACTGGGCAAGTCACTCTCTCCCTTTAACCT 990 
A-sdai a I I aPtieG J uLetiG I yLysSorLouSor A I aPheAanLouAflpADpThrC I uVa I A ULouL&uG I nA I aVa I LeuLeuMotSer 

330 340 350 

ACAGACCGCTCGGGCCTGCT6TGTC7GCACAAGATCCAGAAGy<Urr 1 080 

Thr AopArgSorCJ yLoulouCyoVa I AspLyo 1 1 eG luLysSerG I AG) uAlaTyrLeuLeuAl aPhoGluHl aTyrVa I AsnM I sArg 

380 370 380 

AAACACAACATTCCGCACTTCTCGCCCAAGCTGCTGATGA^ 1 170 

LysHisAsnl feProHlsPhoTrpProLyolouLeuUotLysGluArgGluValGlnSorSorJ leLouTyrLyoGiyAI aAiaAloGlu 

390 400 410 

CCCCGCCtCGGCGGGTCACTCCGC6TCCACCCG<WAGCACAGCAGCTTCT^ 1280 
CtyArgProGlyGlySorLeuGIyVatHIsProGluGlyGlnGlnLouLouGlyiJGtMloVQlVa IGlnGtyProGInVo (ArgGlnLcxi 

420 430 440 

GAGCAGCAGCTrGGTGAACCCCGAAGTCT CCAAGlklCCGGTTCTTCACCACCAGACCCCGAAGAGCCCGCAGCAGGCTCTCCT CGAGCTG 1350 
G I uG t nG 1 nteuG I yG I uA 1 aC I ySor L ouG I nG I yP roVa ( LouGfnH I oGtnSerProLysSarProG I nGlnA I oLeuLeuGfuLou 

450 460 470 

CTCCACCCAAGCGGAATTCTCCATGCCCGAGrCGTCTGTGGGGAAGACGACAGCAGTW 1440 
LouH I sArgSorO I y I leteuHlsAI o^rgA • aVa iCysGly6luAitpAsDSorSorGtuAUAspSorPro5or3or$orGluG)uGlu 

460 490 
eCGCACCrCTCCCACCACCTCCC*GGCAATGC*GCCTCTCCCT 1330 
ProG luva I CyoG luAspLouA I aCI yAonA I oA I aSerProCnd 

TCTCCCAGGCCTCTGCCCCAAG^GCAGGAGOTGCCT 1620 
ACCTTCCCTTCCTCAGCAGGCCAAACATGGCCAGACTCCCTTGCTTTTTGCTGTGTAGTTCCCTCTGCCTC 1710 
TCTCCCTCGCAACATCTTACrTGTCCTTTllAGGCCCCAACT CAAGTGTCACCTCCTTCCCCAGCTCCCCCACGCAGAAATAGTTGTCTGT 1800 
CCTTCCTTGGrTCATGCTTCTACTGTCACACTTATCTCACT ai 1 I ? ATAATTAGTCGGCCATGAGTCTGTTTCCCAAGCTAGACTGTGTC 1890 
TCAATCArSTCTGTATCCCCACTCCCCCGTGCACGGCCTCGCATACAGTAGGTACTCCATAAAAGGTGTOT 1 980 
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QMTLL^SWMFLMAULGiRSYRQSSANLLcUpDLIINEQRMTLPCMYD 

LCQGMHQISLQFVRLQLTFEEYTIMKVLLLLSTIPKDGLKSQAAFEEMRT 

QCKHMLYVSSELHRLQVSYEEYLCMKTLLLLSSVPKDGLKSQELFDEIRM 

NYIKELRKHVTKCPNNSGQSWqRFYQLTKLLDSMHOLVSOLLEFCFYTFR 

TYlULGLlvkEGMsWUFULUuDSMHEVVENLLNYCFQTF. 

«s=STEROID 1 

ESHALtCVEFPAMLVEIISOQLPKVESGNAKPLYFHRK 984 

LDKTMSIEFPEMLAEIITNQIPKYSNGNI KKLLFHQK 777 
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FIG. V=1(BH 



1 

to 1 6 1 yt cwfi I tsto e so r Soruy oaob 

1 AGCTCACA€CAAQTCCA€3CTAgAggTAgAAAC^ 

11 *1 si 

SorProGlySorlcuAo^lyArgAloTrpfllt^o^lofllf^ 
01 A6CCCTC6CAgTCT^AT6£AA6AeCTT6C3AASATeCT CA^ ZAAAC C fl C AAiM oTCCCT CCCCTt CC AAy*C C A<S AgT6T ATCCT 

41 91 
TfcrSorSorAreArgAlGProProSorGlu<SlyT1irA/ , ©A^g6ly^^ 
101 A C AA €e ft fiCC6CCG66CCCCecC&A^6 A 6 GC C Any €SCSCCCT 

71 01 0* 

A I aPr o€ I ysorl ouArgX ' oSo r 6 1 yPr etoue I yProH I oA I oCycP roYftrA I otcuPrcS luProSlflVolTftrSorAicKotsor 
271 eggCCCOTCACTCCCCCACTCCCSeCC^ 

101 111 
Sor€lnValVoiqiytlcQ>uProtcuTyf t lotyaAlo6lttPfoAUSof ProAogS oyPf cly cfilyg ofSofeiuTRreittT^reiM 

381 AGCCAjBgTCCTCtHflCAlTSA^CCTCTCTACATC AA G C^^ t LbfcsAfiACAS ASACCSA Q 

131 141 181 

ProProVo lAJoLcuAlnPrcS lyPr oA loProThr Ar gCy sL cuProS I yH I olyo6luGltf8luAcsGlyGlufilyAlo6lyPr©eiy 
431 CCTCCTOTGGCarTGSCOTT^^ 

iei 171 iei 

GluCI nG lyei yetyLydtuVa iLcuSorSorLouProLy oAf gLouCyotcuVo ICycfil yAopVolAloSoreiyTyrWIoTyraiy 
341 CACCAGCCnOTG£CAW^<SrnCTCACCTCCC7 GCCCAACCCCCT CTCCCTGQT CT6TGCGQ/5CCTCCCCTCCCGCTACCACT ATCGT 

191 201 211 

Vo I At aSorCycSlwAlaCyoLyoAicPftcPhctyjsArgThr I icCinGiysor I io6luTyr3orCyoProAlo3orAsndtuCyoGlu 
031 6TS6CATCCTST6Ae^CTSCAAAtjCX Tt TC? rCAAgAG€4CCATCCACCG£/l6CATC^6TACA^T6T 

221 231 26% 

1 1 oThrlyoAr gAf gAr gly'OA | acyo€ I nA I oCyaArgPhoThrly sCy oLouArgVo I € I )r£ot LouLyoG I uG I yVo I ArgLcuAop 
721 ATCACCAAGCSeAgACSCAAfi^TCCCAi:^! 

231 291 «71 

ArgVolArc3lyeiyAroainLyoryrtyoArgArg?rcS^ 
81 1 CGCGTCCeSeOTG6SCeaCAGAA$TACAAGCGSCGQCC^^ 

281 2S1 501 

YalAloGly6tyPraArgLysT7irAloAloProVa1A^loLc^^^ 
901 GTCGCTG6AG6CCCCCS6AAGA, ; A6?-A£CCCGA£T€AA TGOSCTG6T6TCT CATCT GCT€flTCSTT6ACCCT€A6AA<ffiTCTAT(ffiCAT€ 
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FIG. V-l(B)-2 



311 331 
P roAio^r oA I «a I yPr©A»©C I yH I r©A I *vg I A I ■Thr L«uCy»Atel«* MA*oAro€l u H •VilVtirhM l«S«rTr* 

901 cCTWCttCOUfieCCCTeATWSCACCTCCOfcfi^ 

341 351 »1 

AialyiS4rilc#rofliyfh6S4jrs«rLtuS6rL^^ 
1 oei cccJuuuccATCccAfiarnCTCATcarroTcocTOTCT 

J71 »1 
Y« I A I «C I nAr 9S4TL«lf roL*ufi I nA»p* luLtuA I af ntAI •aiuAsaLwVs IL»«A»pClttOlu0lrAI*A4^*AI«01lrUu 
1171 CTCC CC CA fiC GCTCACTflCCACT CCA<CATCA0CTCSCCTTCOCT6AOQACTTACTCCTCCATCi^AC4i0C CCfiC ^ C6ft fi C ACCTC6CCT0 

401 411 421 

C(yaiuL«uQlyAI«Alti^»uClnL«uY«IArQAr^^ 
126> CCCaAACTttSOCCCTCCCCTCCTCCAACTACTCCCCCCCaCCACO U^ 

431 441 431 

1331 CCCOTCCCAAnCAOACTCTOTCCACATCOJUW 

44)1 471 411 

7yrQiuAI«ClyArgAl«aiyfro«lyaiy«lyAuaiuAro*ro^ 
1441 TUV'^^^r^r^^r-^ 

491 501 
Ai»ciyLyivm«uAiiMii*n«TyreiyVtlLyil»ue^ 
1531 «3MXAAACTGCTGGCCCAmCTATCCC6TW^ 

521 

U«t Alp STOP 

1621 ATWCT^GCCAAC C C CT gaWg^^ 

1711 Ter ecGCAffOEA C ft SccTfcrcct JcccfOT 

1801 CCCTCTCACAACaCCCAACCTfiTCTCCAttCTCT 

1891 nSCCI^AgrrATACGCCCCTCCACCSfiATCC6TCgO> CC C A fcAA A CC TATCTCAfl aS * fitt * »tft i6CATCCAC 6CCA CAaT CTCC CACr 

1M1 GG47 fiATCCTTTT OCT GCT GCTTAAT CCTACCCCCTCTTCAAAfiCACAfiTCCCACTTOCACAOCAM 

2071 CTCTCATCATTTOCATT CCCCATTAflTCT CCCCCCTTCAACCAATAACT 

2161 OTCCCCATCA0CTCCCAAcaACCCtCa<UGC6CCTACCAa*C C < Ur TKXTCTA70CCC^ 

2251 CCmaXCA«<UCSCCCA<^^ 

2341 CW^VuV^CCGCrrTTfrgT^ t g l A A A A A AT ATArAATACCSACCTCAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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